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CONSTITUTION* 


ARTICLE I 

The name of this Association shall be the American Society for Horticultural 
Science. 


ARTICLE II 

The object of the Society shall be to promote the Science of Horticulture. 

ARTICLE III 

Any person who has a baccalaureate degree and holds an official position iti 
an agricultural college, experiment station, or Federal or state department of 
agriculture in the United States or Canada, is eligible to membership. Other 
applicants may be admitted by vote of the executive committee. 

ARTICLE IV 

Meetings shall be held annually at such time and place as may be designated 
by the Executive Committee, unless otherwise ordered by the Society. 

ARTICLE V 

The officers shall consist of a President, a Vice-President, and a Secretary- 
Treasurer, who, together with the chairman of the standing committees, shall 
constitute a Council to act upon all applications for membership. There shall 
also be an Assistant Secretary. These officers shall be elected annually by ballot. 

ARTICLE VI 

This Constitution may be amended by a two-thirds vote of the Society at any 
regular meeting, notice of such amendment having been read at the last regular 
meeting. 


BY-LAWS 

Section 1. The President and other officers shall perform the usual duties of 
their respective offices. The President shall also deliver an address at each regu- 
lar meeting. 

Sec. 2. There shall be a Committee on Nominations consisting of five (5) 
members, who shall be nominated and elected by ballot at each regular meeting 
of the Society. It shall be the duty of this conimittee, at the following meeting, 
to suggest to the Society nominees for the various committees, and one norninec 
for each of the offices for the ensuing year. 

Sec. 3. There shall be an Executive Committee, consisting of three (3) nunn- 
bers and the President andthe Secretary, ex-officio. Thi.s committee shall perform 
the usual duties devolving upon such committee. 

Sec. 4. The Committee on Nominations shall nominate referees and alternates 
upon special subjects of investigation or instruction, which may be referred to 
its consideration by the Society. The duties of these referees shall be to make 
concise reports upon recent investigations or methods of teaching in the .sub- 
jects assigned them and to report the present status of the same. 

Sec:. 5. There shall be a Committee on Program, consisting of three (3) mem- 
bers, of which the Secretary shall be one. This committee shall have charge of 
the scientific activities of the Society, except as otherwise ordered by the Society. 

Sec. 6, The annual dues of the Society shall be four dollars. 

Sec, 7. Ten members of the Society shall constitute a quorum. 

*The Constitution and By-Laws as amended from time to time. 
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SOCIETY AFFAIRS 

RESUME OF THE ANNUAL MEETING AT NEW ORLEANS, 
LOUISIANA, DECEMBER 28, 29, AND 30, 1931. 

The twenty-eighth annual meeting was highly successful in both terms of 
attendance and papers contributed. There were 55 present at the opening* session. 
The highest attendance^ at any one session was in the neighborhood of 100, with 
the exception of the joint session with the American Society of Plant Physiolo- 
gists, when more than 150 were present. It was necessary this year to organize 
thirteen sections, beside an evening round table for extension workers, and an 
evening devoted to the banquet and social good time. The sessions were held 
at the St. Charles Hotel, which was also the Society headquarters, adding 
greatly to the convenience of the members. 

On one afternoon there were four sections operating at the same time. Yet even 
with so many papers presented, namely, 156, the meetings were run promptly 
according to schedule. This was due in large part to the response of authors to 
personal letters requesting them to summarize their papers and to be prepared 
to present their material clearly with the aid of charts, lantern slides, and pre- 
pared materials. Papers were grouped according to subject, and a brief dis- 
cussion period allowed at the completion of each group. 

The next meeting will be held at Atlantic City, New Jersey, December 28, 29 , 
and 30, 1932. 


DINNER AND SOCIAL EVENING 

The dinner and social evening was held at the St. Charles Hotel with 100 in 
attendance. Splendid arrangements were made by Dr. Julian C. Miller. Flowers 
were provided by Louisiana State University, and souvenirs from Louisiana 
were presented as favors. The President’s address was the main feature of the 
dinner, following which with Dr. M. J. Dorsey as toastmaster, there were brief 
talks by Dr. H. J. Webber, Dr. W. L. Howard, Dr. W. H. Chandler and Dr. 
E. C. Auchter, 

REPORT OF REPRESENTATIVE ON THE NATIONAL 
RESEARCH COUNCIL 

Dr. E. C Auchter, Society representative on the National Research Council, 
reported that two workers in horticulture had secured grants through the 
Council. He explained the routine involved in making application and pointed 
out the opportunities available for securing financial support for individual 
research work by grants from the National Research Council and from other 
agencies. 


ELECTION OF OFFICERS 

In its report the nominating committee submitted the names of H. A. Jones 
and Laurenz Greene to ballot upon for the nomination of president. The ballot 
resulted in the nomination of H. A. Jones.. The secretary was then instructed 
to cast the vote of the Society in favor of the officers and committees as shown 
on page ix of these Proceedings. 


xi 



REPORT OF THE EXECUTIVE COMMITTEE 

IMPROVEMENT OF LIBRARY FACILITIES IN HORTICUI.TURE 

111 the presidential address for the tvventy'Seventh convention, special refer- 
ence was made to the need of further development and iiuprovcnient of library 
facilities, particularly for advanced students and research workers in horticul- 
ture. Your committee, in conference with a committee from the American 
Library Association, has given this subject further consideration and wishes 
to submit the following as a progress report : 

1. The orgamzation of advanced sysieinatic courses in the use of ihc library, 
with special reference to the needs of horticultural students. This course would 
be designed for graduate students and would lay special emphasis on sources of 
material, bibliographic works and would be given by the staff of the library 
department. The committee also recommends that a model syllabus and set of 
lectures and problems for such a course be prepared by a committee from tlie 
American library Association. 

2. Compilation of reading lists of hooks and periodical sets to he used in con- 
nection with courses in horticulture. The books on such a list would he chosen 
with the aim of giving the students a broader view of the subject of horticulture 
as a whole and of acquainting him with its important literature and source ma- 
terial. The compilation of such lists to be made by a committee from the Ameri- 
can Library Association in cooperation with the horticultural workers in the 
various state institutions, The term horticulture is herein considered to em- 
brace pomology, vegetable crops and floriculture. This study would be similar 
in a measure to the work done in the field of chemistry as outlined hi Science 
66:385-389, 1927, and would represent a list of essential and necessary library 
tools in Ihe field of horticultural research. 

3. Bibliographic cards. We recommend that the Office of Experiment Sta- 
tions of the U. S. Department of Agriculture consider the feasibility of publish- 
ing bibliographic cards, author and subject, covering the contributions from the 
state experiment stations as is now being done for publications of the Ik S. 
Department of Agriculture. 

4. A full cataloging by each institulion of its oimv puhlkaiionS) especially the 
bulletins and memoirs issued by the experiment slafion and all the scientific 
scries published by the institution. The preparation of card indexe.s covering 
the publications of each institution would facilitate the use of its lilirary. This 
activity would be coordinated with the bibliographic cards referred to in para- 
graph 3. 

5. Compilation of complete special bibliographies in connection with certain 
projects that are subjects of research at numerous insHfutions. A bihliograpliy 
covering some of the major projects in horticulture, as for example hardy stocks, 
etc., would be of material assistance to any worker taking up a special proldem 
in that particular field, mid the compilation of such bibliographie.s would seem to 
be an appropriate activity of the Office of Experiment Stations. 

Upon vote of the Society the President was authorized to appoint a com- 
mittee to carry on further the activities of the Society in regard to Hlirary and 
indexing facilities. 

RECOMMENDED CHANGES IN THE SOCIETY CONSTITUTION 
AND BY-LAWS 

The committee recommends the following changes in the Constitution: That 
Article III be amended to read as follows : 

Voting Members— Any person who has a baccalaureate degree and holds an 
official position in a university, college, experiment station, or Federal or state 
department of agriculture in the United States or Canada, is eligible to mem- 
bership. Other applicants may be admitted by vote of the executive committee. 



REPORT OF THE EXECUTIVE COMMITTEE 


XXll 


Non- voting Members — ^Any person holding a baccalaureate d^ree shall be 
eligible to membership in this class. 

It will be noted that the effect of a proposed change in the Constitution re- 
garding qualifications for membership has the effect of making provision for an 
additional group known as non-voting members. The scholastic requirements for 
this group are the same as for voting members but they do not hold an official 
position in a Government institution and do not have voting privileges. Graduate 
students and research workers in commercial lines will be eligible for member- 
ship in the non-voting class. 

That Article V be amended to read: The officers shall consist of a President, 
three Vice-Presidents 


BY-LAWS 

The committee recommends that Section 2 of the By-Laws be amended to 
read as follows: 

Sec. 2. There shall be a Committee on Nominations consisting of five (5) 
members, who shall be nominated and elected by ballot at each regular meeting 
of the Society. It shall be the duty of this committee, at the following meet- 
ing, to suggest to the Society nominees for the various committees, and one 
nominee for each of the offices for the ensuing year. 

The recommended amendment for Section 2 of the By-Laws eliminates the 
provision requiring two (2) nominees for office of president. 

The committee recommends that Section 6 of the By-Laws be changed to 
read as follows: 

Sec. 6. The annual dues of the Society shall be four dollars. 

The changes to the By-Laws were passed by the Society. The changes to 
the Constitution were read and accepted, final vote, as specified by the Constitu- 
tion being deferred until the next regular annual meeting of the Society. 

RESOLUTIONS 

The following resolutions were adopted by the Society: Resalved, That the 
Office of Experiment Stations, United States Department of Agriculture, be 
urged to provide for the publication of bibliographic cards, author and subject, 
for the bulletins of the state experiment stations. 

Resolved, That the management of the St. Charles Hotel be given our ex- 
pression of appreciation for the services rendered and courtesies extended to 
this Association during the twenty-eighth meeting of the Society. Also that we 
express our especial thanks to Professor J. C. Miller and other members of the 
local committee op arrangements for their careful planning for the comfort, 
pleasure and instruction of the Society member.ship during our convention. 

Laurenz Greene, 

Arthur S. Colby, 

Knowles A. Ryerson, 

Committee, 
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TREASURER’S REPORT FOR 1931 


Receipts 

Dues collected during 1931 - $1,543.50 


$2,514.85 

Interest on money in savings accts 54.44 

Balance on hand Dec. 15, 1930 2,035.81 

$4,605.10 

Expenditures 

Dec. 22 W. F. Humphrey, programs 36,50 

Dec. 22 M. S. Barrett, mimeographing 10,00 

Dec. 22 Marjorie Rogers, mimeographing 6.40 

Dec. 26 H. B, Tukey (Society expenses, Cleveland, $65.00 

less $18.50 refund) 46.50 

Jan. 5 Postmaster, stamps 10.(X) 

Jan. 9 G. E. Stechert & Co., report returned 3.50 

Mar. 18 W. S. Blair, overpayment of dues 3.50 

Mar. 30 Secretary’s fees for 1931 2.50.00 

Apr. 13 Postmaster, stamps for mailing report 25.00 

Apr. 21 R. C. Dikeman, purchase of old reports for resale 15.00 

Apr. 27 W. F. Humphrey, letterheads, envelopes, billheads 24.60 

Apr. 27 W. F, Humphrey, printing 1930 Proceedings — 2,222.87 

Apr. 29 Postmaster, stamped envelopes 22.60 

May 25 Mrs, Albert Dickens, purchase of old reports for 

resale 15.(X) 

May 26 Postmaster, stamps 10.00 

Jun. 23 Postmaster, stamps 15.00 

Sept. 21 Postmaster, stamps 10.(X) 

Nov. 25 Postmaster, lj4c envelopes for mailing circulars. 8.74 


Total Expenditures $2,735.21 

Checks returned on account bank failures .... 10.50 


$2,745.71 

Balance on hand Dec. 15, 1931 1,859,39 


$4,605.10 


Respectfully submitted, 

H. B. Tukey, Treasurer. 


Audited and found correct, 

E. L. OVERHOLSER, 

W. G. Brikrley, 

Committee. 



Some Relationships Between Tree Response and Internal 
Composition of Shoots of the Peach^ 

By F. P. Cullinan/ Purdue U niversity, Lafayette j Ind. 

pEACH trees show a marked response to environmental changes as 
a result of the horticultural practices of pruning and orchard fer* 
tilization. By varying the environmental conditions in which the tree 
is growing, the amount of terminal shoot extension may be caused to 
vary from a few inches to 4 or 5 feet in length. 

In some peach pruning experiments, it has lieen observed that the 
number of blossom buds per shoot may var}" with the quality of shoot 
growth produced ( 1 ) . It has also been observed that the blossom buds 
produced on shoots differing in length and diameter may vary in their 
hardiness with respect to low winter temperatures (2). It would be 
of considerable interest to know whether these differences are corre- 
lated with chemical composition of the shoots and whether the factors 
responsible for the differences can be affected by cultural treatments. 

Terminal shoots were selected in three seasons from peach trees 
growing in two orchards of the Purdue University Agricultural Ex- 
periment Station. Shoots of varying length were selected late in the 
season of 1928 and the winter and spring of 1929 from 5-year-old 
Elberta trees growing on a sandy loam soil and receiving varying 
amounts of pruning. During the season of 1929 and the winter of 
1930-31 terminal shoots were selected from 6-year-old Elberta trees 
growing on a clay loam soil in another orchard where the quantity 
and quality of shoot growth -were varied by applications of nitrogen 
to the soil. The shoots were collected at about the same time of day 
on each sampling date and brought to the laboratory where they were 
cut up into small pieces and preserved in 95 per cent alcohol. Deter- 
minations were made on dry weight, soluble and insoluble nitrogen, 
reducing sugars, sucrose and starch. Only a summary of the results 
secured will be given here. 


Results 

Preliminary studies made on samples of terminal shoots taken in 
1928-29 from trees receiving varying amounts of pruning indicated 
differences in the chemical composition of qualitatively different 
shoots. The values for total nitrogen and sugar showed an increasing 
gradient from base to tip of the longer branched shoots. The basal 
and middle portions of long shoots which formed new fruit buds 
were relatively low in total sugars and nitrogen. Tlie upper middle, 
tip, and laterals of the 1-year shoots showed an increase in total 
sugars and nitrogen in the combined bark and wood as compared 

^Published with the approval of the Director of the Purdue University Agri- 
cultural Experiment Station. 

®Now with the U. S. Department of Agriculture. 

1 



2 


AMERICAN SOCIETY FOR HORTi CULTURAL SCIENCE 


with the basal portions. W’ood and bark were not separated in these 
samples, and the differences ma}' have been due in part to the relati^T,‘ 
amounts of bark and wood in the separate fractions. E.owever, at the 
time of sampling in wSeptember, 1928, a coiiiparisou between lateiTils 
and short spurs of about the same dry weight, and which possess(*(l 
about the same relative amounts of bark and wcxxl in the sample, 
showed that short spurs contained a relatiATly greater amount of re- 
ducing sugars and sucrose and less soluble and insoluble nitrogen than 
the laterals. The short spurs contained about three times as man_v 
blossom buds as the laterals. As will be pointed out later, these values 
for total sugar may have been somewhat different on samjiles taken 
later in the season. The data secured indicated that peach shoots 
which are qualitatively and quantitatively different in length, diameter 
and position in the tree, exhibit considerable qiialitati\'e and quanti- 
tative variation in their chemical make-up. 

In 1929 a block of 28 six-year-old Elberta peach trees growing in 
a clay loam soil in the Experiment Station orchard were given uni- 
form pruning, liut the amount of nitrogen fertilizer was varied. B\’ 
this means it was hoped to bring aliout di tf'ercpces in length and quality 
of shoot growth which could be sampled during the season to stiulx' 
any change in internal composition. An analysis of the one-year 
shoots of the trees prior to the time of applying the fertilizer showed 
that their composition was fairly uniform and differences between 
plots were within the range of random sampling. None of the trees 
used showed any evidence of a nitrogen deficit at the beginning of 
these studies. The fertilizer treatments were: (T) no nitrogen; (2) 
moderate nitrogen, — a 3-ib. application before bloom ; and (3) heavy 
nitrogen, — 3-lb. application before bloom, 2 pounds after petal fall, 
and 2 pounds 6 weeks after petal fall. Samples of imbranched ter- 
minal shoots were selected as the unit of comparison between treat- 
ments at six different periods during the season, namely, (1) as 
blossoms were showing pink, (2) after petal fall, (3) seven weeks 
after petal fall, (4) mid-season, (5) after harvest, and (6) early 
winter. 

In all cases where nitrogen had been supplied cither hefort* or after 
bloom, higher nitrogen content was noted in the new growth (Tal)le 
I). Six weeks after petal fall, trees which received no nitrogen 
showed an appreciably smaller shoot growth than trees receiving 
nitrogen. The shoot growth of unfertilized trees was higher in dry 
weight and starch, and lower in soluble and insoluble nitrog^en. By mid- 
season the terminal growth of the non-nitrogen trees had been com- 
pleted and averaged only about one-third the length of heavy nitrogen 
trees. Starch continued to accumulate in the shoots of low nitrogen 
trees and reached its highest point in September. In late summer, 
starch began to accumulate in the high nitrogen trees and likewise 
reached its high point in September, although at that time it was less 
than that found in low nitrogen trees. Fruit buds were larger and 
more developed at this time on the non-nitrogen trees although mnre 
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numerous on the high nitrogen trees because of the greater total 
growth. No samples were taken between September and December, 
and it is not known just when starch ceased increasing. However, 
during this period there was marked disappearance of starch, and 
sugars showed an increase in the terminal shoots. Sam]des taken in 
early winter (December, 1930) showed the terminal shoots of high 
nitrogen trees to be slightly higher in starch than the low nitrogen 
trees. This may be due to the rate of hydrolysis, and it ina>' have 
progressed farther on the non-nitrogen trees. The total nitrogen 
content of shoots receiving heavy nitrogen treatments was higher at 
all times throughout the season than in shoots from non-nitrogen trees. 


TABLE I — Composition of Unbranched Terminal Shoots op the Pe.ach, 
IN Per cent of Dry Weight, 1920 


Date 

Rows 

Material 

Treat- 

ment* 

Length 

(Cms.) 

Dr>' 

^ Weight 

Total 

Sugars 

Starch 

Total 

N itro- 
gen 

4/8 

12-13 

1-vr. wood 

— 

40.7 

44.48 

3,29 

2.04 

.922 

1 

14-15 

1 yr. wood 

— 

40.3 

44.14 

3.04 

2.71 

.953 

4/26 

12-13 

1-vr. wood 

0-MP 

35.7 

47.23 

3.17 

1.91 

.846 


14-16 

l-yr. wood 

N-MP 

1 

1 36.9 

45. S 

3.40 

2.13 

.S70 

6/14 

13 

Newr growth 

0-MP 

7.5 

35.61 

6.06 

5.37 

1.12 


14 

New growth 

N-MP 

9.0 

30.72 

7.36 

4.47 

1.59 


15 

New growth 

HN-MP 

11.2 

31.10 

5.54 

5.09 

1.54 


13 

l-yr. wood 

0-MP 

33.6 

49.1 

3.50 

3.66 

0.65 


14 

l-vr. wood 

N-MP 

1 35.4 

44.3 

3.58 

i 2.61 

0.76 


15 

l-yr. wood 

HN-MP 

36.8 

1 41,7 

3.57 

1.58 

0.75 

7/27 

13 

New growth 

0-MP 

13.5 

50.8 

3.62 

5.60 

.707 


14 

Newgrowi:h 

N-MP 

37.7 

38.7 

3.35 

2.26 

1.01 


15 

Newf growth 

HN-MP 

36.7 

46.4 

4.19 

2.S4 

.871 

9/27 

13 

New growth 

0-MP 

10.3 

45.5 

3.22 

S.ll 1 

.90 


14 

New growth 

N-MP 

36.1 

51.2 

2.71 

7.36 

.78 


15 

New^ growth 

HN-MP 

36.2 

4S.1 

2.69 

7.27 i 

.95 


13 

l-yr. wood 

0-MP 

37.0 

59.5 

2.77 

7.95 j 

:53 


14 

l-yr. wood 

N-MP 

41.5 

59.4 

2.15 

S.8S 1 

.45 


15 

l-yr. wood 

HN-MP 

41.7 

58.7 

2.03 

7,06 1 

.44 

12/30 

13 

l-yr. W'ood 

0-MP 

22.3 

51.0 

5.94 

2.75 i 

1.03 


14 

l-yr. W'ood 

N-MP 

41,8 

52.3 

6.26 

3.08 i 

1.11 


15 

l-yr. wood 

N-HP 

42.3 

53.1 

5.92 

3.06 

1.12 


10 =No nitrogen, N «= Nitrogen, HN ==High nitrogen, MP = Moderate pruning. 


Analyses of terminal shoots made after terminal growth had ceased 
on all plots (September) did not show the marked differences in com- 
position that might have been expected from the vegetative appearance 
and amount of shoot growth made by trees under the various treat- 
ments. Thus in the dormant seasons of 1930 and 1931, a year of no 
crop, total nitrogen in the terminal shoots of non-nitrogen tre,es 
was nearly as high, and in some instances higher, than in trees re- 
ceiving large applications of nitrogen fertilizer. During the period of 
terminal elongation, however, total nitrogen was relatively higher in 
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the shoots of the high nitrogen trees. During the period before leaf 
fall when nitrogen would be expected to move from the leaves into 
the shoots, the increase in nitrogen in the shoots was greater rela- 
tively on the non-nitrogen trees. The values for starch in the ter- 
minal shoots were also much closer together for the different treat- 
ments during the late fall and winter than during the growing season. 
Determinations were not made to study what corresponding changes 
were made in other parts of the tree. 


TABLE II — Length of Shoots Produced on Unfertilized Trees in Two 

Successive Seasons 


Row 

Treatment 

Length, 1929 
(Cms.) 

Length, 1930 
(Cms.) 

13-3 

No nitrogen in 1929 

3 lbs. ammonium sulphate in 1930. 

9.0 

38.3 

13-5 

No nitrogen in 1929 

3 lbs. ammonium sulphate in 1930 

10.6 

40.3 

14-4 

3 lbs. ammonium sulphate in 1929 

No nitrogen in 1930 

34.4 

17.8 

14-3 

3 lbs. ammonium sulphate in 1929 

No nitrogen in 1930 

18.6 

11.4 

14-2 

3 lbs. ammonium sulphate in 1929 

No nitrogen in 1930 

20.2 

12.8 


Although nitrogen was not determined in the roots and other parts 
of the tree in the dormant season, it is probable that the total nitrogen 
reserve was higher in trees well supplied with nitrogen. This is in- 
dicated by the greater terminal extension made by trees in the season 
following nitrogen applications. With trees receiving no nitrogen fer- 
tilizer in 1929 liut an application of 3 pounds in 1930, the tcrniinai 
shoot growth was increased in length nearly four times. Trees which 
had* received nitrogen in 1929 but none in 1930 produced terminal 
shoots about one-half as long as in the previous season (Tal)le II). 
Where the number of growing points had been reduced i)y priming 
on similarly treated non-nitrogen trees in 1930, terminal growth was 
markedly increased. 

Hardiness of Buds Under the Various Treatments 

A temperature of —5 degrees F. occurred in December, 1029. 'fwo 
weeks after the freeze, samples of terminal growth were taken for 
analysis. The percentage of live buds in a 100-gram sample of repre- 
sentative shoots taken from each plot is given in Table ILL Approxi- 
mately 55 per cent of the buds on short spurs and 45 per cent on the 
longer terminals of the non-nitrogen trees were killed, while only 
about 18 per cent were killed on the long terminals of the high nitn>- 
gen trees. 
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TABLE III — Per cent of Live Buds Found in 100-Gram Samples Taken 

December 30, 1929 


Row 

Treatment 

Average 
Length of 
Shoots 
(Cms.) 

Number 
Live Buds 

Number 
Dead Buds 

1 

Per cent 
Live Buds 

13 

No nitrogen 

22.3 

76 

60 

55.9 

13 

No nitrogen 

7.2 

123 

149 

45.2 

14 

3 lbs. (NH 4 ) 2 S 04 (before bloom) 

41.8 

214 

* 55 

79,5 

15-16 

7 lbs, (NH 4 ) 2 S 04 (before and 

1 after bloom) 

43.2 

250 

54 

82.2 


The chemical data (Table I) do not suggest the probable explana- 
tion for the greater hardiness of buds on the longer shoots. The only 
marked difference in composition between shoots from the various 
plots was that those shoots which bore the highest per cent of live 
buds were higher in reducing sugars. The longer shoots were also 
higher in total nitrogen throughout the growing season. Moisture con- 
tent and composition of the buds were not determined. Blossom buds 
on the short spurs and terminals of low nitrogen trees were more de- 
veloped in autumn than some buds on shoots of high nitrogen trees. 
Basal buds on long terminals and buds on the laterals of branched 
terminals were smaller in size. While it is probable that the factor 
or complex of factors responsible for the greater hardiness of the 
buds lies in the psysiochemical relationships in or near the bud rather 
than in the shoot as a whole, it does appear that these factors nia}' be 
associated with the nutritional conditions of the tree. This may also 
affect the time of fruit bud differentiation in the shoot and the be- 
ginning of the period of rest. 

The growth of the peach is quickly affected by changes in nutri- 
tional conditions as evidenced by the quantity and quality of growth 
produced wdth a heavy crop, when nitrogen fertilizers are withheld 
or when a large part of the top is removed in pruning. The data se- 
cured in these studies indicate that shoot growth may vaiy^ in internal 
composition under different conditions of nutrition. Further data are 
needed in a study of the correlation of these conditions to blossom 
bud formation and hardiness of buds. 

Literature Cited 

1, Cullinan, F. P. Peach pruning. Purdue Agr. Exp. Sta. Bui. 326. 1928.^ 

2. . Peach pruning studies. Proc. Am. Soc. Hort. Sci. 246. 1925. 





Preliminan^ Report on Relation of Soil Moisture and Leaf 
Area to Fruit Development of the Georgia 
Belle Peach^’ - 

By Ivan D. Jones, North Carolina State College, Raleigh, N. C, 

gARLY fruit thinning experiments clearly indicated thrit fruit load 
per tree and fruit quality are closely associated Yhe more detailed 
and carefully controlled experiments by Magness and other investi- 
gators have emphasized that there exists direct relation between 
relative leaf area per fruit and fruit size and quality. 

Soil moisture studies by Viehmeyer, Hendrickson, Magness, and 
Furr and others have established the connection between available 
soil moisture and tree behavior. It has been demonstrated that soil 
moisture is one factor which limits stomatal movements, and there- 
fore actually regulates the effective leaf area of a tree. 

The present study was undertaken in the Sandhill section of North 
Carolina. The purpose of this project was to determine, for the 
peach, the effect of leaf area upon fruit size and qualit}^ and the in- 
terrelationship which exists between soil moisture, leaf area, and fruit 
development. 

The soil in the i*egion in which this experiment was conducted 
consists of Norfolk coarse sand. With the exception of the surface 
6 inches the soil is quite homogeneous., at least to the de])th of four 
feet. 

In general, heavy fertilization is required to make this soil produc- 
tive. This condition and the fact that sectional orchard practices 
favor heavy pruning results in the formation of a relatively' small, 
open tree. 

The experimental plots consisted of groups from two to five trees 
each and were established in close proximity. 

Soil moisture treatments were carried out as indicated ])elo\v ; 


Irrigated plot 

Plot irrigated at ])rescrihed periods. 

Mulch plof 

Surface covered with a 12-inch layer of 
pine straw. This covering w’as to 
conserve the moisture gained by sea- 
sonal precipitation. 

Dry plot 

Plot protected by covering of mulch 
paper. The strips of pai)er were over- 
lapped and sealed to make the cover 
water-proof. 

Average orchard condition 

This plot received no artificial moisture 
control. 


^Note: — T his plot has not received further treatment in this report as it 
paralleled closely in most details the values given by the irrigated plot. 


^This is a report of a cooperative project between North Carolina .State Col- 
lege and the Division of Horticultural Crops and Diseases, U. S. D. A. 

^Published with the approval o-f the Director of the N. (‘. Agricitltural Ex- 
periment Station as Research Paper No. 52 . 
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Soil moisture determinations were made on each plot at short in- 
ter\'als during the growing -season. Samples were taken by means of 
an auger at a distance of approximately 10 feet from the tree and 
to a depth of 4 feet. Each l-foot level sampling was separately well 
mixed and a portion of this soil was dried at 110 degrees for 36 
hours. The moisture content of the soil is expressed as percentage 
water on dry weight basis. 

The relative leaf area studies were made by using ringed branches 
on which the desired leaf-to-fruit ratios were established. The branches 
selected for experiment were mainly comparable l-}^ear"Old terminals 
from 2 to 3 feet in length. Ringing was done in the conventional 
manner b>' the removal of a j4-inch strip of bark and canibial layer 
from around the branch. The rings w’^ere made near tlie base of the 
1 -year-old wood. Ringing was done on or near the date May 28. 

Ratios of IS, 30, 45, 60, and 90 leaves per fruit were established 
in re]')licate on each of the plots receiving different soil moisture treat- 
ment. Table I indicates the number of branches of each leaf-to-fruit 
ratio ringed on each plot. Fruit circumferences were taken at time 
of ringing and at successive intervals throughout the growing season. 
71ie \’olume of the fruit has been calculated from these circumference 
measurements, assuming the fruit to be spherical in shape. 

Stomatal movements were followed by microscopical observation 
of dry mounts of strips from the lower epidermal covering of leaves, 
according to the procedure suggested by Magness and Furr in apple 
studies. These observations were made in the field at short intervals 
on frequent dates during the fruit growth. This method of observa- 
tion proved to be entirely satisfactory for peach leaf study. wStomatal 
behavior was observed on leaves taken from unringed branches of the 
various experimental trees. 

It was found that under normal seasonal conditions the stomata 
of the peach leaves opened very soon after exposure to the direct rays 
of the morning sun. With the leaves on the shaded side of the tree, 
stomatal opening was delayed from 30 to 60 minutes. Thus, on cloud- 
less mornings the stomata of leaves on the sunny side of the tree were 
well open at about 6:15 to 6:30. On cloudy mornings stomatal open- 
ing for all leaves was delayed for an hour or more. 

Fig. 1 by means of the bar diagram rej^u'esents the record for 
stomatal behavior of the leaves from trees receiving different soil 
moisture treatments during the season. On certain days the stomatal 
movements were not followed until less than 25 per cent of the 
stomata remained open. These days are indicated by means of par- 
tially cross-hatched bars. The completely shaded portion represents 
hours during which stomata were observed to be open. Stomatal 
closure at these times took place some time during the period re]>re- 
sented by the cross-hatched section. This figure also represents the 
seasonal -soil moisture fluctuations for each plot, with dates and rates 
of precipitation and irrigation. 

Field observation of the leaves on days not excessively hot and dry 
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and when soil moisture was abundant indicated that the maximum 
length of time during which 25 to 50 per cent of the stomata remained 
open was about 10^2 hours, or from 6 :30 a. m. to 5 :00 p. m. Fig. 1 
represents the effect of decreasing soil moisture upon stomatal be- 
havior of the leaves. 


Oate- 

Mm Jvm July Amior 



June was a hot and almost rainless month. According!}', tlie soil 
moisture was rapidly depleted. It will be seen that on every plot dur- 
ing the latter part of June the stomata closed much earlier in the day 
than during the first of the month. Also it will be observed that as a 
result of a moderately heavy irrigation on June 29 the stomata of 
leaves from the irrigated plot were open the entire lOj^'hotir period 
for the days immediately following the irrigation. With the dry and 
average orchard plots the dry condition prevailed for severaf days 
■ longer and the stomata of leaves from these plots were open less than 
half as long as from the above mentioned plot. 

With the rainfall of July 3 both the irrigated and average plot 
were well soaked. This gain of soil moisture is clearly indicated by 
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Fig. 2.— Fruit development from trees on experimental plots. 
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stomatal behavior on these plots. Truly, the dry plot also indicated 
a lengthened day during which the stomata were open ; this was the 
result of a slight leakage of the water-proof covering. However, suc- 
cessive observations of leaf behavior and of soil moisture content 



demonstrates that thei'e was little gain of moisture by the dry plot 
during the entire season. Fig. 1 presents a definite contrast of soil 
moisture content between the irrigated plot and the dry plot. This 
contrast is just as marked in the comparison of the stomatal behavior 
of the same plots. In each case the average orchard condition plot 
yielded intermediate values. 

Fig. 2 and Table I represent the rate of fruit growth from ringed 
branches on each plot. Fig. 2 points out three facts, namely, (1) an 
increase in leaf-to-fruit ratio resulted in an increase in size of fruit 
borne on the branches, (2) size of finiit for a given leaf -to-fruit ratio 
varied materially with the plot on which the fruit grew, and (3) the 
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relative rate of fruit growth for each plot throughout the season was 
essentially the same. 



Fig. 4. — Relative rate of fruit growth on ringed branches having a leaf-to-fruit 
ratio of 15 to 1 on the different plots with respect to the corresponding sea- 
sonal soil moisture fluctuation for each plot. 


It will be seen that in each case the fruit began its rapid period of 
growth immediately after July 3, This date coincides closely with the 
dates of irrigation and heavy rainfall. However, from the fact that 
the fruit on the dry plot also began its rapid growth at this time, it 
becomes apparent that an increase in soil moisture and the corres]>on(]- 
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ing increased leaf activity resulting from this is not the sole cause for 
this initiation of rapid fruit growth. 

The fruit on the dry plot “sized up"' and ripened with the moisture 
content of the first four feet of soil at or below its wilting co-efficient. 
Under this soil condition, however, 25 to 50 per cent of the stomata 
were open approximately 40 per cent of the time during the deter- 
mined normal day. 

Fig. 3 represents the increase in fruit volume from date of ringing 
to date of harvest from the ringed branches having different leaf-to- 
fruit ratios from trees in each experimental plot. It also represents 
total volume increase of average sized fruit from unringed branches 
on the same trees for the corresponding time period. 

Fig. 4 represents the relative rate of fruit growth on ringed branches 
having a leaf-to-fruit ratio of 15/1 on the different plots with respect 
to the corresponding seasonal soil moisture fluctuation for each plot. 
This figure emphasized a point brought out by both Figs. 2 and 3, 
namely, fruit development on ringed branches having a given leaf- 
to-fruit ratio is related to the moisture content of the soil. 

By a comparison of the fruit volume increase from unringed 
branches of trees receiving the different soil moisture treatments, the 
same conclusion will be drawn. Thu-s for the time period from May 
28 to date of harvest the fruit increased on the dry plot 49 cc, on the 
average orchard plot 85 cc, and on the irrigated plot 106 cc. The trees 
on all three plots carried approximately the same fruit load. In other 
words, actual relative leaf area was approximately the same for trees 
in each plot but the effectual relative leaf area was decidedly dif- 
ferent. 

The following conclusions are drawn from the above study for this 
first season : 

1. Increases in leaf-to-fruit ratios on ringed branches resulted in 
the formation of increasingly larger fruits, and to a limited extent in 
the hastening of fruit development and ripening. 

2. Fruit borne on trees growing under distinctly different soil 
moisture conditions was correspondingly different in size, despite the 
fact that the leaf-to-fruit ratios were the same. Increase in moisture 
supply favored formation of fruit of increased size. This holds for 
either ringed or unringed branches. 

3. Reduction of soil moisture under relatively constant atmos- 
pheric conditions is reflected in tree behavior by shortening of the 
period during which the stomata are open and accordingly function- 
ing in food elaboration. 

4. The minimum leaf area which favors the production of quality 
fruit varies markedly under different soil moisture treatments. 
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The Relation of Leaf Area Per Peach to Physical Proper- 
ties and Chemical Composition^ 

By E. L. OvERHOLSER and L. L. Claypool, State College of 
Washivgton, PuUman, Wash, 

11 EACH (1) observed a correlation between size of peach leaves 
and fruit. The foliage of the Elberta, Crawford, and other large 
fruited varieties is relatively large as compared with the smaller, 
narrower leaves found on smaller fruited peaches, like Golden Pro- 
lific, Hill's Chili and especially on the natural seedlings that bear very 
small fruits. Studies by Haller and Magness (2), Magness, Overley, 
and Luce (3), and others showed that a definite minimum number of 
leaves per fruit is required in order to attain proper size and color of 
apples. 

Studies were begun at the Irrigation Branch Experiment Station, 
Prosser, \\ ashington, in the spring of 1931 to determine the rela- 
tion of the average leaf area per peach upon (1) weight of individual 
fruits and size of individual leaves, and (2) the chemical composi- 
tion of the fruit. 


Methods of Procedure ’ ' ’ 

The fruit of branches on trees of early Elberta peaches were 
thinned on June 12 to give approximately 35, SO, 65, 95, and 125 
leaves per fruit. One lot of branches with each leaf -fruit ratio was 
ringed on June 15 and one lot was left unringed. The ringing 
wounds were healed over by July IS although it is probable that 
very little elaborated food was being translocated through the healed 
ringed portion at that time. Fruit harvest for the commercial crop 
began August 22; fruit from the branches in the experiment were 
harvested August 25 and 26. Fruit from the ringed branches ma- 
tured from 1 to 2 days earlier than fruit from the branches not 
ringed. The color and maturity as harvested, however, of fruits 
from ringed and unringed branches were nearly the same. The 
variation in color and maturity of fruit between branches of the 
same treatment was greater than between branches receiving differ- 
ent treatments. The data pertaining to fruit from the ringed 
branches were more consistent than those obtained with fruit from 
the unringed branches. 

Relation of Leaf Area per Fruit to Weight of Individual 
Peaches and Size of Individual Leaves 

The data in Table I show a gradual increase in the size of the in- 
dividual peaches with a greater number of leaves per specimen, from 

^Published as Scientific Paper No. 206, College of Agriculture and Experi- 
ment Station, State College of Washington. 
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25 leaves per peach up to about SO to 85 lea'V'es per peach. 'Fhe corre- 
lation and the differences in size as influenced hy the nuniher oi 
leaves per fruit were more consistent and marked on the ringed 
than on the unringed branches. One hundred and fifteen leaves per 
peach gave only a slight further increase in size of fruit, when com- 
pai*ed with 80 leaves per fruit, on the ringed branches, and on the 
unringed branches with 105 leaves per fruit, the size of fruit was 
apparently reduced, when compared with 85 leaves ])er fruit. 

In this case there may have been such a limited number of fruits 
per given leaf area that during short daily critical periods of transpi- 
ration there was an insufficient reservoir of fruits for the leaves to 
draw upon to supply water. With the increase in the number of 
leaves per fruit, however, the average leaf area in s([uare centimeters 
per gram of fruit produced was greater. 


TABLE I — The Relation of Leaf Area per Fruit to Weight of Individual 
Peaches and Size of Individual Leaves 
(Early Elberta Peach) 


No. Leaves 
per Fruit 

Ave. Area 
(Sq. Cm.) 
per Leaf 

No. Fruits 
Harv^ested 

Leaf Area 
(Sq. Cm.) 
per Fruit 

Ave. Wt. 
Individual 
Fruit (Grams) 

Leaf Area 
(Sq. Cm.) 
per Gram of 
Pmit Produced 



From ringed branches 


25 

i 28.84 

137 

722,6 

118.9 

6.06 

40 

27.81 

171 

1226.5 

134.0 

8.97 

60 

26.71 

138 

1632.4 

135.0 

12.07 

80 

27.81 

72 

2277.6 

174.5 

14.19 

115 

29.42 

99 

3367.9 

177.0 

19.03 


Prom unringed branches 


25 

34.91 

163 

948.4 

123.6 

7.68 

45 

33.16 

240 

1522.7 

126.0 

12.13 

65 

27.68 

193 

1800.1 

132.0 

13.61 

85 

27.42 

104 

2238.8 

160.0 

14.00 

105 

26.84 

64 

2813.1 

136.0 

20.84 


With the greater number of leaves per peach on unringed l)ranches 
the average area in square centimeters per leaf was reduced. For 
example, the average area of each leaf when there were only 25 
leaves per fruit was 34.91 sq. cm. while with 105 leave.s |)er fruit 
the average area of each leaf was only 26.84 sq. cm. The number of 
leaves per fruit upon the ringed branches, however, seemed to have 
no relation to the size of leaves since they all averaged from 26.7 to 
29.4 sq. cm. in size. 


Relation of Leaf Area per Fruit to Chemical Composition 

Magness, Overley, and Luce (3) reported that the total sugar, 
total dry matter, and titratable acidity of apples and pears on ringed 
branches with large leaf surface were greater than those of fruit on 
the same tree with small leaf area. Haller and Magness (2) had pre- 
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viously reported similar findings with apples. The data obtained 
with peaches are shown in Table 11. 


TABLE II — The Relation of Leaf Area per Fruit to Chemical Composition 
(Average ringed and unringed branches) 


Per cents of Chemicai Fractions in Composite Samples 


Ave. 
Number 
Leaves 
per Fruit 

Acid 

Nitrogen 

Ash 

Moisture 

Reducing 

Sugars 

Sucrose 

■ 

Total 

Sugars 

Alcohol 
Insol. Acid 
Hydrolizable 
Materials 

35 


0.114 

0.5247 

88.29 





50 

1.095 

0.111 

VIK |E!« 






65 

1.108 



87.45 


mmM 

iky 


95 




87.24 

1.35 

5.99 

7.34 

1.19 

125 

1.112 

0.094 

■tJRi/AtM 

87.23 

1.59 

5.97 

7.56 

1.21 


The 1 year's data in Table II indicate that the chemical composition 
of the peaches was influenced by greater number of leaves per fruit 
in that nitrogen and moisture percentage possibly tended to decrease, 
and total sugars and sucrose percentages tended to increase. There 
was a tendency, with the exception of the fruit having 125 leaves 
per specimen, for the percentage of ash to decrease with an increase 
in the number of leaves. The percentages of acid, reducing sugars, and 
alcohol-insoluble-acid-hydrolyzable materials fluctuated but showed 
no consistent trends. St. John and Morris (4) reported a possible 
correlation between the alcohol-insoluble-acid-hydrolyzable materials 
and maturity of apples. If this correlation exists in peaches the data 
indicate that the maturity when harvested advanced from 35 to 65 
leaves after which it was less mature with greater numbers of leaves 
per fruit. While not shown in the table, the fruit from the ringed 
branches tended to average higher in per cent of ash, reducing and 
total sugars, than did fruit from unringed branches. 
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The Relation of Leaf Area to Size and Quality of Peaches 

By J. FL Weinberger, U. S. Depariuicuf of Agriculture, 
Washington, D. C- 

XJEGULATION of the size of peaches by thinning" is a practice 
well founded on experimental evidence and observation. Increas- 
ing' the number of leaves per fruit by removing some of the fruit 
is known to produce large increases in size of individual peaches, 
but practically no attempt has been made to justify the practice 
experimentally on the basis of leaf area and the ability of leaves to 
synthesize the materials necessary for the best growth and develop- 
ment of the peach. Necessarily the amount of food available to the 
individual fruit is a controlling factor not only in producing size in 
the fruit but quality as well. For the purpose of securing a definite 
idea of the relation of leaf area to size and quality, investigations 
reported here were begun in 1931. 

TABLE I — The Relation of Number op Leaves to Size and Quality op 

Peaches 


] 

Number 
Leaves 
per Fruit 

Leaf 

Area 

(sq.in.) 

Initial 
Size of 
Fruit 
(cc.) 

Final 
Size of 
Fruit 
(cc.) 

Dry Weight 
as Per cent 
Fresh Weight 

Reducing Sugars 
as Per cent 
Fresh Weight 

Total Sugars 
as per cent 
Fresh 
Weight 

Acidity' 

5 

34 

22.9 

69,3 

Elberta 

12.07 

1.88 

5.39 

46.4 

10 

68 

27.1 

95.8 

12.39 

2.24 

7.61 

‘ 49.2 

20 

136 

27,6 

117.4 

i 12,73 

-2.37 

7.66 

48.1 

30 

204 

28.3 

119.0 

11.80 

2.16 

7.46 

44.5 

40 

272 

27.7 

137.8 

12.62 

2.18 

7.50 

44.7 

50 

341 

28.1 

147.5 

14.35 

2.41 

8,80 

47.2 

75 

511 

28.2 

162.0 

1 14.66 

2.43 

9.04 

51.6 

5 

36 

15.5 1 

42.5 

Late Crawfo 
10.62 

rd 

1.58 

4.63 

73.0 

10 

72 

18.7 

78.5 

13.49 

2.19 

8,11 

58.1 

20 

143 

18,9 

117.2 

15.43 

2.55 

9.69 

57.5 

30 

215 

18.4 

115.8 

16.51 

2.74 

10.38 

56.0 

40 

286 ! 

19.6 

128.3 ! 

17.38 

2.96 

10.74 

59.5 

50 

358 

19.7 

124.9 ! 

17.38 

2.80 

11.21 

63,8 

75 

538 

19.4 

133.7 

17.16 

2.76 

10.84 

60.7 


^Acidity expressed as number of cubic centimeters O.IN NaOH reciuircd to neutralize Dfty 
grams extracted fresh tissue. 


The procedure in these investigations was similar to that used by 
Haller and Magness (1) with apples and Winkler (3) witli grapes. 
Trees of Elberta and Late Crawford varieties growing in a 2(j-year- 
old orchard of the University of Maryland at College Park, Mary- 
land, were used for the tests. On July 8, eight branches on each of 
five trees of each variety were ringed, and leaves or fruit were re- 
moved from the branches so that a complete series of eight leaf-to- 
fruit ratios was obtained on each tree. These ratios are shown in 
Table I as number of leaves per fruit. Each liranch liore from 8 to 
IS fruits when ringed, but through various causes some were injured 
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and dropped off. This loss of fruit was immediately compensated 
for by removal of leaves so that the initial ratios were maintained 
throughout the season. Since the ringing was' done comparatively 
late, pits of Elberta peaches had begun to harden, and terminal 
growth had practically ceased. Almost two months intervened, 
however, between time of ringing and maturity of fruit. 

Moisture was a limiting factor in the growth of the fruit for a 
brief period about four weeks prior to time of picking, no rains of 
any consequence having fallen between July 16 and August 9. Since 
the tendency of a limited water supply is to dwarf all fruits and 
thus decrease the effect of varying leaf area per fruit, greater dif- 
ference in the size of the fruit might have been obtained had rain- 
fall been ample throughout the season. 

Circumference measurements were made at weekly intervals, 
though only the data at time of picking are presented here. The 
measurements have been converted to a volume basis as being more 
nearly indicative of the actual growth of the fruit. The average 
results are shown in Table I. 

Elberta peaches showed a definite increase in size with increase 
in leaf area up to 75 leaves per fruit, with no indication that peaches 
larger than 2% inches might not have been obtained with a greater 
number of leaves. As shown graphically in Fig. 1, the greatest in- 
crease in size of fruit per individual leaf occurred on those branches 
on which the number of leaves per fruit was reduced to 5, 10, or 20. 
The curve, of freehand construction, is begun on the y axis at the 
average size of the peaches at time of ringing, assuming the fruit 
would make no growth without a source of food supply. In reality, 
fruit on the completely defoliated branches shrivelled and dropped 
within a few weeks after girdling. The size of fruit was increased 
greatly by small increments in number of leaves per fruit in the 
smaller leaf ratios, as indicated by the steep slope of the line. Five 
leaves produced fruit having a volume of 69 cc. (2 inches in diam- 
eter), 10 leaves 96 cc. (2J4 inches in diameter), and 20 leaves 
117 cc. (2J4 inches in diameter). However, 10 leaves did not pro- 
duce twice as great an increment in size as 5 leaves, and the fruit 
grown with 20 leaves was correspondingly less fhan double the size 
of the fruit grown with 10 leaves. Fruit on branches having a 
greater number of leaves per fruit than 20 were larger with increase 
in leaf area, but the increments per unit leaf area were smaller. Of 
the fruit grown with 75 leaves for example, the first 10 leaves of the 
75 could have produced as great an increase in volume (68 cc.) 
from the time of ringing to maturity, as the remaining 65 leaves, 
(66 cc.), indicating that the efficiency of the individual leaf in food 
production decreased enormously when the opportunity for utiliza- 
tion of the products was lessened. 

In the case of the Late Crawford variety, a greater variability in 
the averages for the size of peaches grown with the various leaf 
areas is evident, but the trend of the curve is identical with that of 
Elberta. With the greater leaf ratios the curve tends to flatten out 
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more than the Elberta curve, indicating that a smaller gain iri size 
of fruit may be expected from corresponding leaf areas. Seventy-five 
leaves produced a volume increment of only 114 cc., while 20 leaves 
increased the volume of the fruit 98 cc. This means, in the larger 
ratio, a reduction in the efficiency of the leaves in swelling the 
fruit, of 65 per cent ; or compared with the 10 leaves per fruit ratio, 
a reduction of 75 per cent. 

Flavor and quality in the fruit, within a variety, were associated 
with the number of leaves per fruit, as evidenced by large dif- 
ferences in quality between fruits which were grown with the 
various leaf ratios. Peaches grown with 5 and 10 leaves per fruit 
were of exceedingly poor quality, tasting bitter, fiat, and very dis- 
agreeable. When grown with 20 or 30 leaves the fruit was con- 
siderably sweeter, with a good flavor, while with 40 or more leaves 
the peaches were of exceptionally good flavor and quality. 

Quality in peaches is difficult to determine analytically but to a 
large extent’ it is dependent upon the sugar and acid content. With 
the Elberta variety fruit grown with 5 leaves had onl}^ 5.39 per cent 
sugar (Table I), while fruit grown with 10 leaves had 7.61 per cent. 
Further increase in sugar content was not obtained with increase 
in leaf area to 40 leaves per fruit ; but fruit grown with 50 leaves 
had 8.80 per cent sugar and with 75 leaves 9.04 per cent, increases 
of more than 1 per cent over that grown with 40 leaves. 

The greatest acidity in the fruit was obtained with the extremes 
of leaf areas employed, fruit grown with 10 and 75 leaves having 
a relative acidity of 49.2 and 51.6, compared with fruit grown with 
30 leaves having a, minimum acidity of 44.5. 

The results secured from the Late Crawford tests were practically 
identical with those obtained with Elberta, With increase in leaf 
area per fruit a steady increase in sugar content resulted, fruit 
grown with 5 leaves having a minimum of 4.63 per cent sugar and 
fruit grown with 50 leaves having a maximum almost 2j4 times 
as great, 11.21 per cent. The minimum acidity again occurred in 
fruit grown with 30. leaves, acidity increasing with smaller or larger 
leaf areas per fruit. The greater acidity of the fruit grown with the 
smaller leaf areas undoubtedly had a deleterious effect on quality 
since it was accompanied by a low sugar content. In the fruit 
grown with the larger leaf areas, the greater acidity, accompanied 
by an increase in sugar content, might be considered as improving 
quality. 

Reducing sugars were affected but little by varying leaf area, 
most of the differences in sugar content occurring in the non-re- 
ducing fraction. It is significant that the per cent of dry material 
in terms of fresh weight should increase with increase in leaf area 
per fruit. This is especially true with the Late Crawford variety. 
On a dry-weight basis, the differences in sugar content between 
the various leaf-to-fruit ratios were practically negligible, indicat- 
ing that leaf area had practically no effect in changing the propor- 
tion of sugars to other dry matter constituents. The differences in 



22 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


sugar content as noted were chiefly due to the fact that the smaller 
peaches contained considerably more water than the larger fruit. 
Consequently, considering the amount of dry matter produced, 
the larger leaf areas produced more actual peach tissue thiin the 
relative sizes would indicate. In the case of Late Crawford, were 
the fruit grown with 75 leaves to contain as much water as the 
fruit grown with 5 leaves, the value of the growth increment of 
the former would be five times larger than that of the latter in- 
stead of only three times, as the actual sizes show. 

The greater concentration of carbohydrates in the fruit, and pre- 
sumably in twigs and leaves also in the branches bearing the larger 
leaf area per fruit, may be responsible for the decreased efficiency 
of the leaves in sizing the fruit. A limited number of observa- 
tions indicated that the stomata on the heavily loaded, ringed 
branches remained open during the day for a longer period than the 
stomata in leaves on branches with greater leaf areas per fruit. 
This is ill accordance with later studies with peaches, and with ob- 
servations of other workers with apples (2) where the presence of 
fruit on the trees resulted in the stomata remaining’ open somewhat 
longer than when the fruit was picked. These data indicate that 
an accumulation of carbohydrates is a factor in the time of stomatal 
closure, which, in turn, may have been a factor in food manufacture. 

The results of these tests clearly indicate that thinning in any 
amount reduces the total volume of the fruit produced, and the 
heavier the thinning the greater will be the reduction of the crop; 
The number of leaves per fruit to be left after thinning will vary 
with varieties and within a variety. Vigor of the tree, with which 
size of leaf is correlated, and the moisture supply also are im- 
portant factors to be included. It seems, however, that under the 
conditions of the experiment 30 or 40 leaves per fruit are desirable, 
when size and quality of the fruit and future performance of the 
tree are considered. 
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Some Fruiting Responses of the Peach to Applications of 
Nitrate of Soda 

By Richard V. I^tt/ Mississippi A. & M. College, 

A. & M. College, Miss. 

DURING the season of 1931 an investigation was conducted on 
the influence of the application of NaNOs upon date of maturity, 
keeping quality, and chemical composition of the fruit of Elberta 
peach trees. 

Ten uniform 6-year old trees of moderate vigor, growing in a 
clay loam soil with sandy clay subsoil were used. Clean culture with 
a fall cover crop of vetch has been practiced each year. The five 
treatments of two trees each were 0, 3, 6, 9, and 12 pounds of NaNOg 
per tree. One-half was applied March 6, 1 week before full bloom, 
and the remainder May 9, to reduce leaching losses during March 
and April. A supplemental application of pounds of 16 per cent 
superphosphate and pound of 48 per cent potassium sulfate was 
made to each tree March 10. 

Pressure tests were used to measure rate of softening. They were 
made through the skin with a Blake pressure tester (1) using the 
3/16-inch plunger. Each sample consisted of 25 fruits over 2% 
inches in diameter. From each picking a sample was taken on the 
day of picking, 3 days later, and 5 days after picking. During the 
interval from picking until the final test, the fruits were kept in com- 
mon storage at an average temperature of 85 degrees F. 

The pressure was recorded, in the following order for each of the 
following five positions, namely, (1) on left cheek (when facing 
suture as fruit hangs on tree), (2) on opposite or right cheek, (3) 
at suture, (4) opposite suture, (5) at apex. All tests except those at 
the apex were made near the equator of the fruit. All fruit was 
picked in approximately the same stage of maturity, using a pressure 
of 8 pounds in position 1, as the standard. 

The latest approved A. O. A. C. methods were used for all chemicai 
determinations except water soluble nitrogen which was determined 
by the method of Nightingale (4). 

The seasonal weather conditions were very variable. One period 
of' drouth, accompanied by temperatures of 90 to 100 degrees F., 
occurred during the latter half of May and the first half of June, 
followed by another, with temperatures of 80 to 90 degrees F., from 
June 20 to July 13. Heavy rains of 4,07 and 5.50 inches occurred 
on July 23 and 24, respectively, but since the soil was abundantly 
supplied with moisture from July 13 until after harvest it does not 
seem probable that these two rains had any effect upon the firmness 

^The writer wishes to thank J. B. Edmond, Associate Horticulturist, for criti- 
cism and suggestions on the manuscript: and Marvin Geiger, Station Chemist; 
for all chemical analyses. 
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of the fruit. Consequently, differences in the firmness can be largely 
attributed to the nitrate supply. 

The data of Table I show that increasing the amounts of NaNOs per 
tree delayed ripening 3 to 6 days, the amount of delay increasing with 


TABLE I — Picking Dates of the Different Treatments 



the amount of NaNOs applied. There was also a tendency, particu- 
larly in the trees receiving 12 pounds of the NaNOs, for ripening to 
be less uniform, necessitating more and smaller pickings. These re- 
sults are in general agreement with the reports of other investigators. 

Table II . Percentage Decrease In Pounds Pressure 


Picking to Third Day 


Picking to Fifth Day 


NaNOa 
Per Tree 

Per cent 
Decrease 

Gain or 
Loss 

Stu- 

dents* 

Odds 

Per cent 
Decrease 

Gain or 
Loss 

Stu- 

dents' 

Odds 

A 

B 

A 

B 



A 

B 



0 

3 

47.58 

45.57 

—2.01 

3.7:1 

62.96 

61.55 

—1.41 

2.72:1 

0 

6 

47.58 

51.64 

4.06 

22.7:1 

62.96 

64.10 

1.14 

2.18:1 

0 

9 

47.58 

52.39 

4.81 

88.7:1 

62.96 

61.57 

—1.39 

3.85:1 

0 

12 

47.58 

50.71 

3.13 

6.6:1 

62.96 

58.37 

— 4.59 

16.9 :1 

3 

6 

45.57 

51.64 

6.07 

16.0:1 

61.55 

64.10 

2.65 

91.6 :1 

3 

9 

45.57 

52.39 

6.82 

119. :1 

61.55 

61.57 

.02 

1.03:1 

3 

12 

45.57 

50.71 

5.14 

361. :1 

61.55 

58.37 

—3.18 

3482 :1 

6 

9 

i 51.64 

52.39 

.75 

1.58:1 

64.10 

61.57 

—2.53 

8.71:1 

6 

12 

51.64 

50.71 

— .93 

1.75:1 

64.10 

58.37 

—5.73 

8 

9 1 

12 

52.39 

50.71 

—1.68 1 

4.43:1 

61.57 

58.37 

—3.20 

14.2:1 


Table II shows the percentage decreases in average pressure from 
picking to the third day and from picking to the fifth day. The dif- 
ference in the percentage decrease of the two extreme treatments 
was not significant in the first three days after picking. While sig- 
nificant differences existed between some treatments, no definite de- 
crease trend occurred. There is an indication that the fruit from the 
high treatment trees softened more rapidly than that from low treat- 
ment trees. This is shown in the comparison of the fruit from the 
3- and 9-pound applications and the 3- and 12-pound applications. 
Fruit from the tree receiving the 12-pound application, however, did 
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not decrease in firmness quite so rapidly as that from the trees re- 
ceiving 6- and 9-pound applications. Consequently, no apparent cor- 
relation existed between rate of application of the NaNOs and per- 
centage decrease in firmness of the fruit during the first 3 days after 
picking. 

TABLE III — Percentage Decrease in Pounds Pressure, Third 
TO Fifth Day 


NaNOa per Tree (Pounds) 

Percentage Decrease 

Gain or Loss 

Students’ 

Odds 

A 

B 

A 

B 


3 

27.62 

28.54 

1.02 

2.08:1 


6 

27.52 

25.82 

— 1.70 

3.77:1 

0 

9 

27.52 

19.03 

— 8.49 

6459. :1 


12 

27.52 

14.96 

—12.56 

608.8 :1 

3 

6 

28.54 

25.82 

— 2.73 

3.13:1 

3 

9 

28.54 

19.03 

— 9.51 

73.0 ;1 

3 

12 

28.54 

14.96 

—13.58 

273.5 :1 


9 

25.82 

19.03 

— 6.79 

46.4 :1 

6 

12 

25.82 

14,96 

—10.86 

297.8 .1 

9 

12 

19,03 

14.96 

— 4.07 

14.0 :1 


The data fail to show any definite trend in the percentage decrease 
in pressure during the five days following picking. The most signifi- 
cant differences were found in the comparisons of the 12-pound 
treatment with lesser treatments, showing in every case a smaller per- 
centage decrease in fruit from the 12-pound treatment. This showed 
that the fruit did not decrease in firmness during the 5 days after 
picking in proportion to the amount of NaNOs applied. 


TABLE IV — Mean Pressure in Pounds in Different Positions {500 Fruits) 


When Tested 

Positions^ 

Mean Pounds 

Gain or 
Loss 

Students’ 

Odds 

A 

B 

A 

B 


1 

2 

8.18 

7.84 

,34 

CO 

When picked 

2 

3 

7.84 

6.48 

1.36 

CO 


3 

4 

6.48 

5.98 

.50 

CO 


4 

5 

5,98 

5.84 

.15 

37.2:1 


1 

2 

4.21 

3.96 

.25 

CO 

Third day 

2 

3 

3.96 

3.29 

.67 

CO 


3 

4 

3.29 

3.04 

.25 

CO 


4 

5 

3.04 

2.85 

.19 

CO 


1 

2 

3.18 

2.94 

.24 

CO 

Fifth day 

2 

3 

2.94 


.54 

CO 


3 

4 


2.32 


4999:1 


4 

5 

1 2.32 

2.18 

1 .14 

106.4:1 


’Positions numbered as on first page. 


The data in Table III show that the percentage decrease in pres- 
sure from the third to fifth day was not significantly different in the 
0, 3, and 6 pound applications. In the 9- and 12-pound applications, 
the percentage decrease in pressure was significantly less than in the 
smaller applications. This is further evidence that rapidity of soften- 
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ing as measured by the pressure tester is not directly associated with 
rate of NaNOs application. 

Table IV shows the mean pressure by position for all fruits tested 
at each of the three stages of ripeness. The data show that, for each 
of the three stages of ripeness, a significant difference existed be- 
tween each pressure position and the one which followed it in testing 
order. The difference between the two extreme pressures decreased 
as the fruit ripened. 

The data on fruit anabasis presented in Table V show a decrease 
in percentage of both reducing and total sugars with increased rate 
of application. The percentage of both water soluble and total nitro- 
gen increased as the rate of application of NaNOa increased. Calcula- 
tions of coefficients of correlation between the pounds of NaNO;^ ])er 
tree and each of these factors show : for reducing sugars, r iz: 
— .5000 ± .1132, r=:4.42; for total sugars, r = — .5176±:.l 105, 

— 4.6S : for total nitrogen, r = .9253 dz .0.187, -p^ = 49.48 ; 
for water soluble nitrogen, r = .7571 ±: .0644, p-~. = 11.76. 

TABLE V — Analysis of Flesh of Elberta Peaches (Percentage 
OF Green Weight) 


NaNOs 
per Tree 
(Pounds) 

Moisture 

Reducing 

Sugars 

Total 

Sugars 

Water Soluble 
Nitrogen 

Total 

Nitrogens 

0 

86.74 

2.54 

7.78 

.038 

.085 

3 



7,65 

.049 

.107 

6 

87.67 

2.17 

7.23 

.053 

.129 

9 

88.16 

2.20 

7.18 

.059 

.142 

12 

88.32 

2.30 

7.14 

.061 



The results secured concerning the effect of applications of NaNO^ 
upon the keeping quality of fruits of the Elberta peach are in agree- 
ment with those of Degman (3). Blake (2) reports that fruit from a 
high carbohydrate tree is firmer in texture than that from a high 
nitrogen tree. Undoubtedly a greater difference in vigor existed lie- 
tween his high carbohydrate and high nitrogen trees than between the 
trees receiving the 0- and 12-pound applications used in this investi- 
gation. This is shown by comparing the total inches of shoot growth 
of the trees in the two investigations. The high carbohydrate tree 
made 5,828 inches of shoot growth, the high nitrogen tree 33,233 
inches; while the tree receiving no NaNOs made 10,851 inches and 
the tree receiving 12 pounds of NaNO,^ made 18,645 inches. This 
seems to be a plausible explanation of the difference in results. 

Since no significant decrease in firmness was produced by any of 
the quantities used, applications of NaNOs sufficient to maintain trees 
in a high state of vigor apparently are not detrimental to shipping 
quality. The fact that the fruit from all trees was well colored and 
not noticeably different in quality emphasizes this point. The appli- 
cation of NaNOs or similar nitrogenous fertilizers should be con- 
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sidered, however, only as an aid to proper cultural methods in secur- 
ing maximum vigor and fruit production. 

The data on the relative pressure in different positions emphasize 
the necessity of using the same set of positions when comparisons 
are made of the firmness of different fruits, Blake (1) reports that 
while some varieties are likely to vary in texture in different portions 
of the same fruit, others have a rather uniform texture throughout, 
but he does not give any data to show the relative pressure in pounds 
in the various positions. It seems that information on the degree to 
which commercial varieties vary in this respect is both desirable and 
necessary. This information will increase the efficiency of the pres- 
sure tester as a device by ■which firmness as an index of fruit ma- 
turity is determined. 

The chemical analyses agree -with those of Blake (2) for the sugar 
and nitrogen percentages. The greater amount of sugar in the fruits 
of the low nitrogen tree used by Blake in comparison to the no nitrate 
tree of this investigation was undoubtedly due to the difference in 
vigor previously explained. 


Conclusions 

Applications of NaNOs to 6-year-old Elberta peach trees of mod- 
erate vigor delayed maturity : the greater the application, the greater 
was the retardation. No definite relationship existed between rate of 
application of NaNOs and rapidity of softening of the fruit as 
measured by the Blake pressure tester. 

Significant differences in pressure were found in. five different fruit 
positions. The order of firmness was : left cheek (when facing suture 
with fruit hanging on tree), right cheek, suture, opposite suture., apex. 
A definite set of positions should be used to determine the relative 
firmness of different fruits. An increase in rate of application of 
NaNOs was associated with an increase in percentage of water soluble 
and total nitrogen and a decrease in percentage of reducing and total 
sugars in the fruit. Applications of readily available nitrogenous fer- 
tilizers should be considered only as a supplement to proper orchard 
practices in maintaining peach trees in their maximum vigor and 
productivity. Its effect on fruit firmness is apparently negligible. 
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Some Vegetative Responses of the Peach to Applications 
of Nitrate of Soda 

By T. E. Ashley, Mississippi A. M. College, 

A, & M. College, Miss, 

JT has been reported that a high degree of positive correlation was 

found to exist between terminal growth and fruit production of the 
following season in peach trees (2, 3). Many investigators have found 
that peach trees make a much more profitable response to applications 
of NaNOa than to the applications of phosphorus or potassium fertiliz- 
ers. For these reasons an investigation was started in the spring of 
1931 to determine the vegetative responses of the Elberta peach to 
appilcations of NaNOs. 

Trees were used to which 0, 6, and 12 pounds of NaNOa were ap- 
plied. These trees were included in the investigation reported by 
Lott (4) who has explained the details of the material and methods. 
All shoot growth was measured on each tree and classified as .shown 
in Table 1. Shoots arising from terminal buds are designated ])rimary 
shoots, those arising from lateral buds of current season's growth, 
secondary shoots, and those arising from lateral luids on 1-ycar or 
older wood lateral shoots. 

The primary and secondary shoots used tor chemical analyses were 
taken from the same terminal shoots. Twelve to eighteen-inch ter- 
minal shoots had to be used to get enough secondary shoot growth for 
an adequate sample. The laterals used for analyses were also 12 to 
18 inches long. These samples were all collected on October 28, 
when about half of the leaves had fallen. There were more leaves re- 
maining on secondaries than on primaries or laterals. 

Primary and secondary leaf samples were taken from 10 tennmai 
shoots 12 to 18 inches long on September 30, when the leaves were 
just beginning to fall readily. Leaves on primary shoots are called 
primary leaves and those on secondary shoots are called secoudary 
leaves. Terminal shoots shorter than 12 to 18 inches did not tiave 
enough secondary growth to provide an adequate sample of secon<lar)' 
leaves, A random sample of 15 leaves was selected from each saiui)le 
from each tree for measurements of leaf areas. The remaiuder was 
used for chemical analyses. 

The data of Table I show that the tree receiving 6 pounds of 
NaNOs produced a greater number of primary, secondary, and 
lateral shoots 0 to 3 inches long than either of the other two trees. 
The 6-pound application also resulted in the most primary and lateral 
shoots 3 to 6 inches long, but the 12-poupd application resulted in the 
greatest number of secondary shoots of this and all greater lengths. 
In all of the classes above 6 inches the 12-pound application produced 
the most shoots of all kinds, with the 6-pound application in second 
position. The tree receiving the 6 pounds of NaNOa had the great- 
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est total number of shoots, due primarily to the great number in the 
0 to 3 inch class. 


TABLE I — Number of Shoots of Different Lengths 


NaNOa 
Per Tree 
(Pounds) 

Number of Shoots in Each Class (Inches) 

0-3 1 

3»6 1 

6-12 

12-18 1 18-24 1 24-30 

30-36 

1 Total Shoots 


Primary Shoots 


0 

470 

222 

134 

82 

31 

4 

2 

6 

1161 

325 

198 

96 

22 

3 

— 

12 

604 

297 

200 

119 

98 

18 1 

13 


Secondary Shoots 


0 

55 

102 

48 

14 

2 

— 

— 

6 

97 

106 

74 

15 

— 

— 

— 

12 

60 

119 

137 

42 

6 

— 

— 


Lateral Shoots 


0 

358 i 

278 1 

191 i 

45 

16 

3 j 

2 

893 

6 

634 1 

401 

196 

87 

13 

2 1 

— 

1333 

12 

417 1 

338 

285 1 

93 

51 

2 i 

— 

1186 




Total Shoots 




0 

883 

1 602 

373 

141 

49 

7 

1 ^ 

2050 

6 

1892 

832 

468 j 

198 

35 1 



3430 

12 

1081 

I 754 

622 1 

254 

155 1 

20 ! 

1 13 

2899 


Cooper and Wiggans (2) found that shoots 3 to 10 inches long 
formed more buds per unit of growth than longer or shorter shoots. 
The unnitrated tree produced 975 shoots 3 to 12 inches long; the 6- 
pound application, 1300 ; and the 12-pound application, 1376. On this 
basis 12 pounds of NaNOs would be the most desirable quantity, but 
it is doubtful whether the increase of only 76 shoots of this length for 
the 12-pound application in comparison to the 6-pound application 
justifies the extra NaNO^, The greater number of total shoots from 
the 6-pound application, coupled with the lesser number of long 
shoots in comparison to the 12-pouiid application indicates that 6 
pounds was the most desirable rate. The yield records of next season 
should determine this ix)int. The much greater number of twigs in 
all classes existing on both of the nitrated trees than on the unnitrated 
tree shows that the potential fruit production of Elberta peach trees 
in moderate vigor can be greatly increased by applications of NaNOs- 

In Table II it is shown that total inches of shoot growth of each 
kind increased as the rate of application increased. On account of 
its greater number of long shoots, the tree with the 12-pound appli- 
cation made the most total inches of growth,* even though the 6-pound 
application produced the greater number of shoots. 

The data on average length of shoot show that the great number 
of short shoots secured from 6 pounds of NaNOs resulted in the 
shortest average shoot length of each kind and the shortest average 
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length foi* the whole tree. The data suggest that the unnitrated tree 
lacked sufficient vigor to push many of its vegetative buds into growth, 
and that the 12-pound application produced enough vigor to develop 

TABLE II — Total Inches of Shoot Growth and Inches per Shoot 



NaNOs 
per Tree 
(Pounds) 

Primary 

Shoots 

(Inches) 

Secondary 
Shoots 1 

(Inches) 

Lateral 

Shoots 

(Inches) 

Total 

Shoots 

(Inches) 

Inches of 

0 

4965 



10S52 

growth 

6 

7068 



14732 


12 

8800 



18645 

Inches per 

0 

5.25 

5.54 

5.22 

5.27 

shoot 

6 

3.92 

5.18 

4.61 

4.30 


12 

6.52 

7.18 

6.10 

6.43 


a large number of long shoots. If short shoots produce the most Inids 
per unit of length and are probably the most productive per unit 
length, the most desirable method of soil management in the peach 
orchard is one which produces the greatest number of short shoots. 
Obviously, an estimate of average growth length is not of great 
value, but the number of shoots of different lengths must lie (leter- 
mined if shoot growth is to be used as an index of potential pro- 
ductivity. The desirability of the relatively great number of second- 
ary shoots on the tree receiving 12 pounds of NaNOa is not known 
since there are no data concerning the productiveness of such shoots. 

TABLE III — Chemical Composition of Shoots Calculation on Dry Weight 

Basis 


NaNOj 
per Tree 
(Pounds) 

Water Soluble N. > 

(Per cent) 

Total Nitrogen 
(Per cent) 


Starch 
(Per cent) 

1 Pri- 
mary 

Second- 

ary 

Lateral 

Pri- 

mary 

Second- 

dary 

Lateral 

Pri- 

mary 

vSeoond- 

ary 

Lateral 

0 



mm 


1.21 

1.12 

17.59 

20.73 

13,45 

6 





1.26 

1.21 

Ki.Stt 

19.22 ! 

i2.r)<i 

12 



— 


1,28 

1.29 

14.20 

17..'j!t 

II.S2 


Grams per Inch 

Grams per Inch 

Grams imr liu;}) 

0 

.0006 

.0005 

.0007 

.0027 ! 


.0023 

.0541 

.0281 

.U28S 

6 

.0011 

.0006 

.0009 

.0036 

.0018 

.0025 

1 .0540 

.0208 

.0235 

12 

.0012 

.0007 

.0008 

.0038 



1 .0437 

.0280 

,0235 


The percentage of both water soluble and total nitrogen increased 
in all types of shoots with increase in rate of application, as shown in 
Table III. The amount per unit of shoot length also increased in 
primary and secondary shoots as rate of application increased, but no 
definite trend occurred in the lateral shoots. The secondary shoots in 
every case had a higher percentage but a smaller amount per unit of 
shoot length than either primary or lateral shoots. The primary 
shoots had the greatest amount per unit of shoot length. The laterals 
had a higher percentage than the primaries and in most cases less than 
the secondaries, but had a greater amount per unit of length than the 
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secondaries and less than the primaries. The percentage of total 
nitrogen had the same trend as the water soluble nitrogen. 

The percentage of starch decreased in the primary and secondary 
shoots with increase in rate of application, but no definite trend was 
found in the latex-als. A greater percentage was found in the second- 
ar}^ shoots of each tree than in the primaries and usually the smallest 
percentage in the laterals. The amount of starch per unit of shoot 
length decreased in all shoots with increase in rate of application. 
The primary shoots had nearly twice as much per unit of shoot length 
as either the secondary or lateral shoots. There was little difference 
in the amounts found in secondary and lateral shoots of the 
same application of NaNOs. Blake (1) reports a greater amount of 
starch at the time of leaf fall in the branches of unfertilized trees 
than in the branches of trees which had received nitrogen. This 
agrees wdth the above data. The greater amount of starch in the 
primaiy shoots may be attributed to early inauguration of storage. 
No sugar was found in any shoot samples. 

The data of Table I\" show that the area per leaf increased with 
the rate of application of NaNO^. This was true of leaves from both 
primary and secondary shoots. The leaves from the primary shoots 
were in each case larger than those from secondary shoots. During 
the picking season it was noticed that the leaves on the tree of the 12- 
pound application were much larger than those on the trees of the 
smaller applications and particularly those on the no-nitrate tree. This 
difference appeared to be much greater than it was when the samples 
were taken. Unfortunately, no measurements of leaf area were made 
in mid-summer. This decrease in size difference from mid-summer to 
time of leaf fall, between leaves of high and low applications, may be 
attributed to the fact that the greater number of secondary shoots 
upon the high application trees used up the available nutrients and 
thus prevented further increase in leaf area, whereas, the smaller num- 
ber of secondary shoots on the lower-application trees allowed more 
nutrients for leaf growth and a consequent increase in size until late 
summer. The time of taking leaf samples is an important factor in 
determining the relative effects of different treatments upon leaf area. 

The grams of dry matter per leaf in both primary and secondary 
leaves increased with increased rate of application. The primary leaves 
of each treatment contained more dry matter than the secondary 
leaves. 

The percentage of water soluble and total nitrogen increased in both 
primary and secondary leaves as the rate of application increased. 
The secondary leaves had higher percentages than the comparable 
primary leaves. The data show that the amount of water soluble and 
total nitrogen per leaf increased in both primary and secondary leaves 
as the rate of application of NaNOs increased. The primary leaves 
had greater total amounts than the secondary leaves in each treatment. 

The data which have been presented show that applications of 
NaNOji to peach trees such as those used in this investigation greatly 
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increased vegetative vigor. This should result in proportionate in- 
creases in production the following year, since it has been reported 
that vegetative vigor and production in the following season are cor- 
related. 

Conclusions 

Applications of 0, 6 and 12 pounds of NaNOa to moderately vig- 
orous 6-year-old Elberta peach trees resulted in an increase in shoot 
growth as the rate of application increased. The 6-pound application 
resulted in the most shoots and the greatest number of short shoots. 
The 12-pound application resulted in .the greatest total inches of shoot 
growth, the most shoots over 12 inches long, the most secondary 
shoots, and the greatest average shoot length. The percentage and 
amount per unit length of both water soluble and total nitrogen in 
the shoots increased as the rate of application increased. The percent- 
age and amount per unit length of starch in the shoots decreased as 
the rate of application increased. Leaf area increased with increase in 
rate of application. The percentage and amount per leaf of both 
water soluble and total nitrogen in the leaves increased as the rate of 
application increased. 
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Preliminary Report of Effects of Time and Rate of 
Nitrate Fertilization on Growth and Yield of 
Elberta Peaches^ 

By J. H. Beaumont, and C. F. Williams, l^orth Carolina 
State College, Raleigh, N, C. 

'J’HE Sandhills of North Carolina is, as the name implies, a region 
of low flat-topped hills of sand. The elevation is approximately 
500 feet The soil is a coarse sand phase of the Norfolk series, very 
low in natural fertility and varying in depth from a few feet to 50 
or more. In this region of poor soil, long hot summers, and rela- 
tively mild winters, a commeixial peach industry of considerable 
and of lasting importance has developed. The production problems 
confronting the growers are varied, most of them are serious, and 
from the standpoint of experimentation the problems are of con- 
siderable scientific interest as well as of direct practical importance. 

Of the problems, one of the more important is the eflxct of time 
and rate of nitrogen fertilization on yield, and more particularly oti 
growth, hardiness, and disease resistance of the trees. Consequently, 
in the spring of 1929, with the cooperation of Mr. Richard Lovering, 
experimental plots in a block of 8-year-old Elberta trees were laid 
out. The orchard is located near Jackson Springs on sand which is per- 
haps about average for the section, certainly not the best. Annual win- 
ter vetch covercrops had been and are being grown. Tlie trees have 
received rather severe pruning and through frost or conscientious 
thinning have never borne excessive crops. The vigor and condition 
of the trees may be called good for the section. At the time the 
plots were laid out the trunk circumference of the trees was secured. 
Later the plots were paired in such a way that the average trunk cir- 
cumference of trees of the two paired plots was approximately equal 
to the average of all plots. 

The fertilizer treatments appear in Table I. Nitrate was applied 
over a wide area around the tree and to half of the adjacent guard 
tree. The times of application vary with the season. “March*' 
(Table I) signifies immediately preceding full bloom, “May" signi- 
fies after the crop has set or at the time of the drop," “August" 
signifies immediately after harvest, and “November" after ])ossil)ility 
of renewed growth is over and as the trees are becoming dormant. 

All treatments were started in the spring of 1930 except the two 
very late treatments (0-0-0-3 and 0-3-0-3) which were first ap]>Iied 
in 1931 to plots which had previously received a 3-]3ound treatment 
split in three equal applications (1-1-1). 

The data relative to trunk circumference increases and average 
terminal growth for the seasons 1930 and 1931 and the yield in 1931 
are given in Table I. It was felt that although the 1930 yields were 

^Published with the approval of the Director as Res. Paper No. 55 of the 
N. C. Agricultural Experiment Station. 
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TABLE I — Effects of Time and Rate of Nitrate Application on Growth and Yield of Elberta Peach Trees 
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for the group which is the lowest and again indicates that these 
plots are receiving somewhat less than the optimum rate of applica- 
tion, The 6-pound treatments are not outstandingly better than the 
3-poimd treatments and indicate that at the present time the trees 
are perhaps receiving more nitrogen than is utilized efficiently. It 
is interesting to note further that the yield is in proportion to the rate 
applied at the early application excepting only the 6-pound early 
treatment. 

The past season presented an unusual opportunity to study the ef- 
fect of nitrate on the earliness of maturity of the fruit, due to the 
relatively long harvest period and to the careful ‘"spot” picking 
practiced by Mr. Lovering. The contrasting effects of March and 
May applications are presented in Figs. 1 and 2, respectively, in 
which the cumulative percentage of the total crop harvested on the 
different picking dates are given. 

In Fig. 1 it is seen that early applications of nitrogen delay ma- 
turity in relation to the amount applied. The -pound application 
is, however, relatively much earlier than the 1J4" and 3-pound appli- 
cations which matured at approximately the same rate. The 1J4- 
pound plots were only slightly earlier than the 3-pound treatments, 
however. The 1-1-1 pound curve is common to the two graphs and 
serves as a ready means of comparison. 

In Fig. 2 it is seen that May applications of nitrogen delay ma- 
turity more than early applications, especially the and 3-pound 
treatments, while for some reason the IjE^^-pound line maintains ap- 
proximately the same position it held in Fig. 1. The average date 
of maturity is, however, somewhat delayed by the later applications. 



Seasonal Variations in Nitrogen Concentration in Twigs of 
Peach Trees Under Sandhills Conditions^ 

By C, F. Williams^ North Carolina State College, Raleigh, N. C. 

^HE sandy soils of the peach section of North Carolina not only 
are the source of many problems in commercial peach oroduc- 
tion but also provide an excellent opportunity to study many phases 
of plant behavior under field conditions. Because of the low natural 
fertility and rapid rate of leaching of these sandy soils, they are es- 
pecially adapted to problems dealing with differential nitrogen fer- 
tilization. The effect of applications of nitrate varying in time and 
amount on the response of the tree in growth and fruitfulness can 
be studied in relation to seasonal distribution of carbohydrates and 
nitrogen in the tree and the interrelation of all these factors with 
hardiness, dormancy, rest period, etc. 

In this paper only differences in seasonal fluctuations in the total 
nitrogen of the shoots and wood produced by such a series of differ- 
ent treatments of nitrate fertilization will be reported. The trees 
used are located in bearing Elberta plots that are part of a major 
peach project. They were selected for uniformity in growth and con- 
dition before any differential fertilizers had been applied. This report 
is based on results obtained the first year of treatment. Obviously 
different results may be expected for succeeding years inasmuch as 
the trees will show the accumulative effects of the treatments. Pre- 
vious work had shown that major differences in growth were asso- 
ciated with small differences existing during the preceding months 
in percentage of total nitrogen in the shoots and wood, also that dif- 
ferences in percentage of total nitrogen in the shoots between dif- 
ferent treatments were greater than those between shoots of different 
lengths from similar treatments. 

Three times of application are used, namely, in March just before 
bloom, in May after the crop has set, and in August immediately 
after harvest. The basic amount is 3 pounds of nitrate of soda, either 
applied at one time, or divided into equal applications and applied at 
combinations of two times or at each of the three times. On two 
other series of plots half and double this annual amount is applied 
in two equal applications at combinations of the three times. In this 
report these different treatments will be symbolized in formulas in 
which the first figure represents the application for March, the second 
for May and the third for August. Thus, 3-0-3 signifies 3 pounds 
in March, none in May, and 3 pounds in August. 

The usual precautions were used in the collection and preservation 
of samples and the Gunning modification of the Kjeldahl method to 
include nitrates was used for the determination of total nitrogen. 

^Published with the approval of the Director as Research Paper No. 54 of 
the North Carolina Agricultural Experiment Station, 
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Data are expressed in percentage of dry weight. The medium treat- 
ment (1-1-1) will be used for a basis of comparison as a check. 

When varying amounts of nitrate were applied in March to trees 
in the same condition, the percentage of total nitrogen in the shoots 
in April and May was proportional to the rate of application as 
shown in Table I. 

TABLE I — Relation of Nitrate Application in March to Total Nitrogen 
IN Shoots of Peach in April and May 


Nitrate Applied in March 
(Pounds) 

Total Nitrogen in Shoots 

Per cent of Dry Weight 

April 23 

May 13 

0 

2.292 

1.059 

H 

2.713 

1.177 

1 

2,65 

1.200 

IK 

2.933 

1.250 

3 

3.478 

1.525 


Thus with the exception of the percentage in April for the 1 -pound 
amount, increasing amounts of application gave increasing percent- 
ages of total nitrogen in the shoots during the spring months. It will 
be noted that there is a rapid decrease in the percentage amounts 
from April 23 to May 13. The decrease from May 13 to August 5 
was more gradual. This decrease occurs during the period of most 
rapid growth, consequently there is an actual increase in absolute 
amount of nitrogen per shoot during this period. This relation of 
composition of shoots to rate of March application is shown in each 
of the graphs. The percentages for April are not indicated as their 
amounts would have necessitated a much larger graph. 

The similarity in the seasonal fluctuations in the ]jerceiitage of 
total nitrogen between shoots and 1-year wood for two contrasting 
nitrogen treatments is shown in Fig. 1. The heavy application of 
nitrate in March and May has given a proportional increase in the 
percentage of total nitrogen in both shoots and wood during the 
spring months. In the case of the shoots this difference was main- 
tained until August, but in the wood there was a greater depletion 
of total nitrogen at this time in the trees supplied with abundant 
nitrate. This was probably related to the greater response in growth 
in these trees. Where applications of 3 pounds of nitrate were made 
after harvest to low-nitrogen trees, the concentration in total nitrogen 
in the shoots and w^ood was greatly increased for the rest of the year 
as shown by the curve for the 0-0-3 treatment. This does not neces- 
sarily indicate a greater absolute amount for the trees as there was 
less total growth and very little, if any, growth after the application 
was made. However, the percentages for this treatment were high 
not only for shoots of average length for the treatment of 15 inches, 
but just as high for shoots of twice this length. Shoot growth on the 
other plot (3-3-0) averaged about 35 inches. 
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The effect of single applications of 3 pounds of nitrate applied at 
different seasons is shown in Fig. 2 compared with the check. Three 
pound's applied in March definitely increased the percentage of total 
nitrogen in the early season. All three treatments reached approxi- 
mately the siame minimum point in August (.695, .699, .701). After 
harvest the curves for trees that had received a nitrate application 
before this time, either March or May, were similar except that the 
more recent application (May) showed the more rapid increase in the 
first month. The 3-pound application after harvest gave a high 
nitrogen concentration in the shoots which was maintained the rest 
of the year as was explained with Fig. 1. 



Fig. 1. Total nitrogen of shoots and wood of peach in relation to nitrogen 
fertilizer applications. 


In the case of the check, the 1-pound application in March gave a 
higher percentage of total nitrogen in May than no fertilization, and 
with the additional 1 pound applied in May, maintained this dif- 
ference until August. The 1 pound applied after harvest continued 
this higher concentration over trees receiving none at harvest at least 
until the middle of January. 

The effect of different rates of application at different times in 
comparison to the check on the per cent of total nitrogen in the shoots 
is shown in Figs. 3, 4, and 5. These different graphs will be discussed 
together relative to different periods of the year, rather than each 
figure separately. With different amounts of nitrate applied in March 
(Figs. 3 and 5) the percentage of total nitrogen in May is propor- 
tional to the rate of the application. If a second application is made 
in May (Fig. 3) this difference in total nitrogen from different rates 
of application persists until August. In Fig. 4, showing the curves 
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for trees receiving their first application in May, this relation of fer- 
tilization to total nitrogen is again shown, although none show as 
high percentage amounts as the check which had received one potind 
in March. 



Fic. 2. Single applications of 3 pounds applied at different times. 

In Fig. 5 for trees which received only the early application all 
treatments had about the same minimum in August. Apparently in 
this case the trees had established a balance between the amount of 
growth and the different rates of application made in the spring. 

In considering the period after harvest, in general the differences 
in nitrogen content of shoots that existed in August between trees re- 
ceiving different rates of applications at the same times, were main- 
tained until November regardless of the different amounts applied 
after harvest. As different amounts of terminal growth were secured 
this would seem to indicate a balance between rate of growth and 
amount of nitrogen fertilization. Of the three comparisons of three 
each there are only two exceptions, namely, the J'^-pound treatment 
in the March and May application and the 3-pound treatment of the 
May and August application. This is probably related to response in 
growth as in the former case the ^-pound treatment made les.s 
growth than the two plots with which it is compared, which may have 
made possible a greater accumulation. In the latter case, the 3-pouiid 
treatment made decidedly the greatest growth, which may have 
utilized much of the assimulated nitrogen without much change in 
percentage amount, although giving a greater absolute amount of 
nitrogen in the tree. In these two curves it is of interest that the 
one for the trees receiving ^ pounds in Fig. 3 is similar to that for 
the 134-pound trees in Fig. 4, and that in each case the amount ap- 
plied before harvest was 1J4 pounds. Also that the curve for the 3- 
pound treatment in Fig. 4 is similar to that for the Ij^-pound treat- 
ment in Fig ?j where the total amount applied before harvest in each 
case was 3 pounds. 

Where less than a total of 134 pounds of nitrate was applied be- 
fore harvest, (%-pound treatment, Fig. 3 ; and 1 34-pound treat- 
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meiit, Figs. 4 and 5) or where the 3 pounds was applied in March 
with none in May (Fig. 5), the increase in percentage of total nitro- 
gen in the shoots after harvest was more rapid than when the appli- 
cation was 3 pounds or more. This is apparently related to growth, 
as trees receiving only 1^4 pounds or less made an average terminal 
growth of about 24 inches, and trees receiving 3 pounds or more be- 
fore harvest made an average terminal growth of 36 inches. 

In the period between November and January it wiW lie noticed 
from the,^graphs that the curves for the various treatments show a 
tendency to converge. This is better indicated in the following table 
giving the percentage of total nitrogen in the shoots for November 
and January, arranged in order of the amounts in November. 


TABLE II — Tendency to Equilibrium in Total Nitrogen During 

Dormancy 


Treatment Pounds of 
Nitrate Applied 

Total Nitrogen in 
Shoots Percentage of 
Dry Weight 

Change in Amount, 
Increase or Decrease 

March 

May 

August 

November 

January 


0 

0 

3 

1.156 

1.100 

Decrease 

H 


0 

1.020 

.956 

Decrease 

3 

0 

3 

I .999 

.958 

Decrease 


0 

IK 

I .983 

.996 

Increase 

3 

3 

0 

.972 

.870 

Decrease 

K 

0 

K 

.960 

1.132 

Increase 

0 

IK 

IK 

.955 

.931 

Decrease 

1 

1 

1 

.937 

1.015 

Increase 

3 

0 

0 

.884 

.953 

Increase 

0 

3 

0 

.870 

.890 

Increase 

0 

H 

H 

.858 

.861 

Increase 


IK 

0 

.777 

,849 

Increase 

0 

3 

3 

1 .747 

.942 

Increase 


With only two exceptions, where the percentage in November 
was .955 or more there was a decrease in January, and without ex- 
ception where the percentage was less than this there was an in- 
crease in January. Moreover there is no apjxirent relation of these 
changes to nitrogen fertilization. A decrease in nitrogen in the 
shoots during this period must indicate a translocation to other parts 
of the tree, and an increase must indicate a movement of nitrogen 
into the shoots. This would suggest a tendency in the tree to come 
to a physiological equilibrium during the first weeks of the dormant 
period, and is probably associated with the relative concentration of 
nitrogen in the shoots and in the tree. 

It is recognized that the shape of the curves given in these graphs 
is more or less determined by the dates of sampling, and that maxi- 
mum and minimum points therefore may vary more or less from those 
indicated. A more thorough study at these times of the year might 
show that some of the differences between treatments is due to the 
time at which these physiological changes occur as well as to amounts 
of material. 








Recent Developments in Citrus Coloring 

By J. R. Winston, and J. M. Lutz, U. S, Department of 
Agriculture, Washington, D. C. 

^ITRUS fruits often are mature while the skin is still partially or 
entirely green. To make the appearance of the fruit match its 
eating quality special means of coloring are widely adopted. By these 
coloring methods natural processes are assisted to cause the green' 
chlorophyll to disappear and the orange or yellow pigments in the skin 
to become predominant. This treatment is of extreme importance to 
the industry since under some conditions it is only by such artificial 
means that a satisfactory color can be produced on fruit otherwise 
suitable for shipping. 

The purpose of this paper is to present a summary of the results 
of recent investigations on factors influencing the rate of coloring 
and subsequent keeping quality of the fruit. 

Temperature is probably the most important single factor in de- 
termining the rate of coloring. The best temperature for coloring 
without danger of injury to fruit is about 85 to 87 degrees F. Fruit 
temperatures above 95 degrees F. are liable to result in injury to the 
fruit. Fruit colors very slowly below 80 degrees F. On cold days 
fruit frequently colors as fast in the open air as in unheated or poorly 
heated coloring rooms. The rate of coloring is increased if the fruit 
is brought up to the optimum coloring range quickly. This can be 
accomplished by holding the air temperature at about 95 degrees F. 
until the fruit reaches a tempei'ature of about 85 degrees F. and then 
maintaining an air temperature of 85 to 87 degrees F. Steam radia:- 
tors or coils have generally been found to be the most desirable 
method of heating. In order to raise the temperature quickly, live 
steam is also used during the first 2 or 3 hours of the coloring period. 
This also prevents the humidity in the coloring room from going 
down too low while the temperature of the room is being raised. 

During periods of warm weather, little or no heat is necessary. In 
fact, it is sometimes desirable to cool the coloring room. This can be 
accomplished to some extent by ventilation or by circulating the air 
through a water spray. 

Since the rate of coloring is greatly modified by only a few degrees 
diiference in temperature, it is essential to get every part of the 
coloring room, to the optimum, temperature quickly. In the old type 
coloring rooms in which there is little or no' air circulation, it is not 
unusual to find temperature differences of 30 degrees F. or more, 
between the top and bottom of fruit. Under these conditions the fruit 
at the bottom of the room is usually so cold that it colors very slowly 
while that at the top of the room is subjected to danger of heat injury. 
The small electric fans that are used in some coloring rooms are,prac- 
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tically worthless. In a room of 1-carloacl capacity, a blower with an 
actual delivery of at least 2000 cubic feet of air per minute is desir- 
able. In Florida good results are being obtained by using a blower 
with a 2-horsepower motor. The blower is run at high speed at the 
start in order to get all portions of the room at approximately the de- 
sired temperature, and then it is run at slow or moderate speed. 

The most successful method of circulation is to have an air condi- 
tioning chamber located outside the coloring room, in which the air 
is brought to the desired temperature and humidity. Fresh air and 
ethylene are also introduced into this chamber. Practically all modern 
coloring rooms are thermostatically controlled. The conditioned air is 
forced from the chamber through ducts or against a spreading baffle 
at the top of the room. The air then passes downward through the 
fruit to a space between a false floor and a tight sub-floor. It is then 
drawn through a duct which is built against or within one of the side 
walls and leading to the conditioning chamber where it is again re- 
circulated. 

Adequate ventilation should be provided during the entire coloring 
period in order ( 1 ) to eliminate the carbon dioxide which is given off 
by the fruit, (2) to eliminate excessive humidity, and (3) to cool the 
room when necessary. There is also ample evidence that lack of ven- 
tilation promotes the development of stem-end rot. Ventilation can 
be secured by opening a vent on the suction side of the blower which 
permits the introduction of outside air. The size of the opening to 
be used will necessarily vary with the size and tightness of the room 
and the type and speed of the blower. Usually an opening of 3 to 8 
square inches is adequate for a coloring room of 1 -carload capacity. 
Too much fresh air is undesirable because it upsets the gas equilib- 
rium and makes it more difficult to maintain proper tem])cratures 
and humidities. 

There is some evidence that relative humidities hehnv about 70 may 
diminish the rate of coloring while the fruit is in the coloring room 
or else “set’’ the color thus retarding further color development after re- 
moval from the coloring room. The most important role of humidity, 
however, is in its effect on the fruit. Low humidity may wdlt or *‘age/’ 
the fruit. Brown patches may appear around the stem end of the frnit 
at low humidities. The latter i-s sometimes erroneously attri])uted to 
the coloring gas. Low humidities are especially dangerous when com- 
bined with high temperatures. Extremely high liumidity is more con- 
ducive to decay development and tends to make the fruit lose its stems 
or ‘^buttons.’’ A relative humidity of from 80 to 92 seems to be the 
most desirable. The optimum humidity depends on several condi- 
tions, principally climatic conditions, fruit temperatures and the ])re- 
disposition of the fruit to decay. The fruit should not be allowed to 
remain wet for over a few hours. 

The humidity of a coloring room can be increased by the use of 
live steam or a fine water spray. This is generally introduced into the 
conditioning chamber. During cold weather the humidity of a color- 
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ing room can most effectively be lowered by raising the temperature 
of the room. In warm weather the problem is difficult. Ventilation 
is of some value in this connection. Ample circulation will aid in dry- 
ing the fruit if it has become wet. 

Ethylene gas is generally considered superior to kerosene fumes for 
coloring. Besides being cheaper, ethylene generall})' produces a better 
color in a shorter time. Kerosene fumes are unpleasant to work in 
and they often impart an unpleasant flavor to the fruit. The use of 
kerosene fumes also results in a greater fire hazard. 

Practically all modern coloring rooms in Florida are now equipped 
with the ''trickle system” of coloring. The principle of this system 
is that a small constant suppl}^ of ethylene is continuously introduced 
into the room. The introduction and regulation of the gas is usually 
accomplished by two reducing valves attached to the high pressure 
cylinder in which it is purchased. The gas pressure is usually reduced 
to a fraction of a pound and is conducted through a quarter-inch' 
main-line pipe with laterals leading into the air conditioning chamber 
of each coloring room. At the discharge end of each lateral pipe there 
is a nozzle with a cut-off to enable one to turn the gas on or off from 
a given room without affecting the operation of other rooms. The 
gas is turned on when the room is filled with fruit and is left on until 
the coloring is completed. Although the pressure in the ethylene cyl- 
inder may vary considerably, the pressure on the line remains con- 
stant. The rate of gas flow can be changed by simply changing the 
pressure on the line. Ethylene is most satisfactorily used at a rate of 
about 3 to 4 cubic feet per day in a room with 1 -carload capacity. 

The manner in which fruit responds to coloring treatment depends 
very largely upon its innate qualities. A thin skinned, fine-textured 
fruit such as the Pineapple orange grown on rather heavy soil is more 
easily colored than coarse-textured fruit of the same variety grown 
on poor soil. Sour orange stock usually produces fruit of better color 
than that grown on rough lemon stock. A well fertilized tree which 
has had sufficient potash and superphosphate without an excess of 
nitrogen produces fruit that assumes a richer and deeper color than 
fruit from starved trees or from trees with rank green foliage de- 
veloped by fertilizing principally with nitrogen. 

Since 1929, the len^h of time necessary to produce good color on 
fruit has been materially reduced in Florida, In some cases it has 
been cut in half. Under improved methods it rarely requires longer 
than 60 hours to color green or nearly green oranges at the first of 
the season. Later in the season it may require only 36 hours or less. 
It requires somewhat longer to color regreening Valencias in the 
spring. The time required to color grapefruit is usually from 12 to 
24 hours less than that necessary for oranges. 

The high temperature of coloring rooms is not only conducive to 
rapid aging and wilting of fruit but it is also ideal for the develop- 
ment of stem-end rot. For these reasons it is imperative that fruit 
be colored and placed in an environment such as a precooling room as 



48 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


quickly as possible. Sometimes when some fruit in a coloring- room 
colors faster than others, there is a tendency to pack the fully colored 
fruit and sort out the greenish fruit and return it to the coloring- 
room. This recolored fruit, because of its long exposure to coloring- 
room temperatures develops heavy decay and if paraffin has been ap- 
plied before the fruit is returned to the coloring room, it not only fails 
to color properly but is also likely to scald. Rapid coloring also cuts 
down the operating cost and increases the coloring room output. 



Light and Pigment Development in Apples 

By L. R. Streeter, and G. W. Pearce, Experiment Station, 
Geneva, N. Y. 

INVESTIGATIONS have been carried out in recent years in an 

attempi to improve the color of various fruits. Bananas, tomatoes, 
cranberries, and citrus fruits, in particular, have received the most 
attention. Several studies of the factors influencing the formation of 
the red pigment of apples have been made. In general, these have in- 
cluded the influence of light, fertilization, pruning, artificial tree and 
fruit feeding, and a few preliminary observations on the use of ethy- 
lene gas to improve color. 

Overholser (1) has shown that light is one of the most important 
factors in the development of anthocyanin pigments, not only in the 
apple but in other kinds of fruit as well, such as pears, peaches, 
plums, nectarines, etc. Magness (2) has presented data which indi- 
cate that apples must reach a certain state of maturity before red 
color will develop on exposure to light. In other words, certain sub- 
stances must be present in the fruit before the anthocyanin pigment 
can be produced by the action of light. 

Since light is such an important factor in anthocyanin formation it 
becomes essential to determine which wave-lengths of light are most 
influential. In a previous paper by Pearce and Streeter (3) a report 
was given on the eflFect of various wave-lengths of light on develop- 
ment of color in McIntosh apples. This paper deals with the results 
obtained by the use of light filters, and preliminary' studies on the 
influence of artificial light on color formation in McIntosh apples. 

It is common observation that the sides of Mclnfosh apples ex- 
posed to the direct rays of the sun are always more highly colored 
than the sides away from the sun. Picking fruit and removing it 
from the sun stops the development of red color. In the absence of 
light, mature green apples will lose their green color and become 
yellowish. This process is no doubt nothing more than the disap- 
pearance of chlorophyll with the consequent appearance of the yellow 
pigments which were masked by the green color. Similar observations 
have been reported by other workers in regard to other varieties of 
apples which develop red pigments. It has been observed that those 
parts of the apple which have been shaded by leaves or heavy spray 
deposits are never colored red, but on exposure to sunlight the red 
pigment is developed. This indicates that neither the parent sub- 
stance nor the final red pigment is readily diffusible between various 
cells. 

McIntosh apples selected for use in this experiment were mature 
but had only traces of red color development. The amount of color 
developed was estimated on the basis of the percentage of the apple 
surface colored. 
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In the experiments in which artificial lamps were used as a light 
source, no filters were employed. In a few preliminary experiments 
with an ultra-violet lamp no definite coloration was detected in any 
case, and severe injur}' to the flesh and skin of the apple resulted. 
The fruit became pitted and was discolored at the points of indenta- 
tion. ]\Iagness (2) reports color development of Jonathan apples by 
exposure to an ultra-violet lamp. Arthur (4) has found that Mc- 
Intosh apples color well under the influence of an ultra-violet lamp, 
when placed at sufficient distance from the lamp to avoid injury from 
ultra violet and infra red rays. 



Fig. 1. Transmission of light by the filters employed. The per cent of trans- 
mission (ordinate) is plotted against the wave-length in Angstrom units 
(abscissca). All curves except the one marked “window glass^' were repro- 
duced by permission of Director G. K. Burgess of the Bureau of Standards 
from Gifson, K. S., Tyndall, E. P- T., and McNicholas, H. J., Bureau of 
Standards Tech. Paper No. 148 (1920). The curve for window glass was re- 
produced by permission of M. Luckiesh from his book “Artificial Sunlight,’" 
(3) p. no, Fig. 25. 

McIntosh apples were exposed to sun light during October and 
November. Colored glass filters were employed which were designed 
to transmit only certain parts of the spectrum. Table I gives a brief 
summary of the results. 

Fig, 1 brings out more clearly the influence of the various por- 
tions of the spectrum. Filters 403, 585, Pyrex, and window glass 
produced a large amount of color, while those that produced prac- 
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tically no pigmentation were Filters 334, 224, 491 and H. T. From 
Fig. 1 it is observed that those glasses under which coloration de- 
veloped have a transmission range of from 3000 to 7000 -f- A. Those 
under which little color developed have a range of from 4400 to 7000 
+ A. This indicates that the effective range is below 4400 A. 

It has been assumed that the reason for lack of pigment formation 
in the case of glass Filter 491 is the absence of the effective wave- 
lengths of light. This may not be the case because the curve for this 
glass in Fig. 1 shows only SO per cent transmission at its maximum 
point, while the region from 4300 to 4S00 A, is transmitted much 
less intensively. This would place the upper limit of the effective 
range at 4800 A. It now remains to establish a lower limit, and it is 
readily seen to be at approximated 3200 A., because l>oth the Pyrex 
and window glass produced good coloration. 


TABLE I — Effect of Light of Different Wave-Lengths on Color 
Development 



Glass Filters Used 

Range of 
Transmission 

Coloration 
in 7 Days® 

Code No.^ 

Description 

Check 

Direct sunlight 

A. 

per cent 
85 

Check 

Window glass 

3200 4- 7000 -r 

70 

Check 

Pyrex glass 

3100— 7000-h 

70 

H. T. Check 

Opaque heat- transmitting glass 

Infra red 

2 

403 

Blue-green, medium shade 

3500—6000 

50 

585 

Ultra-violet-transmitting blue-purple 

3000—4800 

50 

224 

Red 

6200—70004* 

5 

334 

Heat-resisting yellow special shade . . . 

5400— 7000 -h 

10 

491 

Sextant green 

4400—6800 

3 


^Code numbers are those of the Coming Glass Works, makers of the colored glass filters. 
^Apples had from 1 to 4 per cent coloration before exposure. 


This range may be still further limited by a comparison of the 
two Filters 403 and 385. Table I shows that both filters produced 
the same amount of color. From a stud\^ of their transmission curves 
in Fig. 1 it is noted that they overlap each other. Since both produced 
the same extent of color, it is evident that the point at which their 
transmission cur^'es intersect marks the approximate wave-length 
of influence. Likewise, the region bounded by the intercept of the 
two curves marks the influential range of the spectrum. This region 
is shown as the dotted section of Fig. 1. Thus, we have established 
a range of from 3600 to 4500 A., with an optimum at 4100 A., as the 
most effective part of the solar spectrum during October and Novem- 
lier on anthocyanin development in the McIntosh apple. 

The results of the foregoing experiments suggested the possibility 
of using an electric lamp of high intensity in the effective wave length 
range. A 1500-watt Mazda lamp wdth a suitable reflector was selected 
as a good source of light of the required wave length. Apples were 
exposed to the light in a cabinet that could be cooled sufficiently to 
keep them in good condition. The lamp was placed outside and above 
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the cabinet, "riie light was filtered through 1-inch of running water 
to remove excess heat. Water was circulated through a pan with 
inch plate glass bottom which formed the top of the cabinet. Apples 
were placed at a distance of 3 feet from the lamp. 

Upon continuous exposure for 5 or 6 days apples that showed no 
red color became almost completely colored. The first traces of color 
began to appear as streaks of red after 60 to 70 hours exposure. 
The color continued to develop for about 3 days more after which 
no further increase in color was detectable. Apples exposed to cloud- 
less sunlight in October and November seldom show signs of color 
development until the end of the second day or about 16 hours of 
light exposure. Apples held in cellar storage at 45 degrees F. for 3 
months responded to light and developed color, although they did 
not become as intensely colored as apples treated soon after picking. 

While the use of artificial light offers little possibility as a com- 
mercial means of coloring apples, it is a useful method for studying 
light as a factor in pigment formation. 
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Effect of Selection Within Apogamic and Clonal 
Progenies 

By H. J. Webber^ Citrus Experiment Station, Riverside, Calif, 

JN a paper presented before this Association on 'The Economic 

Importance of Apog^amy in Citrus and Mangifera” (5), it was 
pointed out that "By the elimination of the variants from, seedling 
progenies of individual trees of those species or varieties that de- 
velop a high percentage of apogamy, there is obtained a population 
almost wholly of apogamic origin and nearly or wholly uniform in 
genetic constitution/^ Such progenies are comparable to clonal 
progenies and apparently give like reactions. Investigations in the 
use of monoparentar apogamic and clonal progenies have advanced 
to the stage where it is important to question whether any im- 
provement can be made by the selection of the largest and best in- 
dividuals within such progenies. 

The genetic investigations of Johannsen (3) and many others on 
selection within "pure lines”, where apparently no significant ad- 
vance has been obtained unless there occurred a change of type 
(mutation), do not give much promise of important improvements 
being secured by selection within a clone. The investigations on 
this problem, however, so far as the writer is informed, have been 
directed wholly toward the discovery of whether a change could be 
induced that would have genetic significance. It w’^ould seem to the 
writer to be entirely reasona:ble to assume that the selection of the 
largest individuals within an apogamic or clonal population might 
result in a distinct improvement in quantity of crop produced dur- 
ing ail or a part of the life of the selected trees and yet not indicate 
any change of type that could be considered of genetic importance. 

Apogamy in Citrus has provided a means of easily and cheaply 
producing large numbers of seedlings of like genetic constitution, 
but, nevertheless, such seedlings in all cases exhibit a considerable 
range of variation in size. 

In the writer’s experiments on Citrus stocks, progenies of from 
100 to 200 or more seedlings each have been grown from seeds of 
selected good trees of several species and varieties. In each of 
these progenies the smallest seedlings to the extent of about 10 per 
cent were discarded at the seed bed, which probably resulted in the 
^elimination of a considerable proportion of the sexually produced 
seedlings. At the time of budding, also, all of the "off-type” 
and undersized seedlings were eliminated so that all clearly dis- 
tinguishable variants were discarded from each progeny. The 
range of variation in size among the remaining seedlings of dif- 
ferent progenies when they were 3 years old, as shown by the area 
of cross section of trunk 4 inches above the soil, gave the following 

^MonO'parental, — ^meaning from one individual parent which may be either a 
seedling or a clone. 
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coefficients of variation for the different species : sweet orange, 35. 72 ±: 
1.95 to 40.22^±: 2.27; sour orange, 26.89 ch 1.37 to 28.76 ± 1.09; 
and grapefruit, 63.41 zh 3.74 to 76.98 ± 4.67. This range of varia- 
tion in size may be partially due to genetic variation, as, some few 
sexually produced seedlings doubtless remained in each prog'eny, 
but as much the largest proportion of the seedlings' remaining were 
certainly from apogamic embr}^os, the variation, it would seem, 
must be mainly due to various environmental causes, or perhaps to 
incidental differences in size among the embryos. 

Two citrange varieties, the Cunningham and Savage (normally 
100 per cent apogamic), gave coefficients of variation respectively 
of 23.94 ±: .931 and 2^65 ± .892, proving, as might be expected, 
to be less variable than varieties exhibiting a lesser degree of apog- 
amy. Opposed to this interpretation, however, is the fact that the 
Sampson Tangelo (100 per cent apogamic) gave a variation co- 
efficient of 91.03 ± 6,08 indicating the widest range in seedling size 
at this young age of any progeny of seedlings studied. As these three 
varieties are known rather certainly to produce only apogamic 
seedlings under the conditions thus far studied, the difference in 
the range of variation exhibited seems rather surprising since it 
apparently is to be considered as variation within a inonoparental 
genetic type. The rough lemon, a widely used stock supposedly of 
hybrid origin, from which as high as 96 per cent of the embryos 
have been found to be of apogamic origin, gave a coefficient of 
variation in one progeny containing 186 seedlings of 33.58 ±: 1.30 
and in another progeny of 118 seedlings 90.23 ±: 6.42. In these 
two progenies grown at different times from seed of the same tree 
it would seem that the different range of variation must be due to 
environmental causes and this is, of course, entirely possible. 

With this great range in percentage of variation due probably 
in part to variations in original size of embryo, in part to prompt- 
ness in starting growth, and in part to numerous environmental 
causes, and supposedly not to genetic differences, the question is 
vital as to whether the selection of the largest and most vigorous 
seedlings will prove to be important in the production of good 
groves. 

During the last 12 years the writer has had experiments under 
way designed to test the comparative effect of using different sized 
citrus seedlings as rootstocks. It has been found that within com- 
paratively homogeneous apogamic seedling progenies, the large ^ 
seedlings in general produce somewhat larger budlings than the 
small seedlings of the same progeny, and that this larger size of the 
budlings is maintained in the orchard for at least several years. 
Trees on large seedling stocks during the first 8 and 10 year periods 
in the orchard have yielded over 19 per cent more than comparative 
trees on small seedling stocks from the same apogamic progeny. 
These results were described in some detail in a paper presented 
by the writer (4) at the 1930 meeting of this Association. 
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The evidence indicates that the difference in size and yield of 
Citrus trees on large and small seedlings, which during the first few 
years is quite marked, gradually disappears in later years. How 
long an appreciable difference will be maintained cannot at this 
time be determined. It is apparent, however, that some difference 
remains up to the close of the eighth year in the orchard. 

The writer has had no experiments in the selection of large and 
small plants from progenies propagated by cuttings or slips 
(clonal progenies), but selections based on size from such progenies 
should apparently react the same as selections from purely apo- 
gamic progenies. Evidence confirming this is furnished bv the 
results obtained by Bioletti (1) in an experiment in testing the ef- 
fect of size and quality of rootings (rooted cuttings ) of the grape. 
The influence of size of cutting was very marked during the first 
three seasons in the vineyard, was noticeable in the fourth year, 
but had largely disappeared by the end of the fifth year. Bioletti states 
"The first crop of the vines from the strongest 2S per cent of the 
rootings was about 50 per cent larger than the first crop of the vines 
from the weakest 25 per cent. This difference was in great part 
reversed by the second crop and there was little difference in the 
third crop. 

‘The advantage of the strongest rootings was in reaching full 
bearing the third season instead of the fourth as with the weake?’ 
rootings. The poorest rootings (used in this experiment) were all 
equal to what one usually considers No. 1 quality. With more im- 
perfect rootings such as are very commonly planted, the difference 
would undoubtedly have been greater.” 

The practical advantage to be derived from a severe selection of 
cuttings in this case is indicated by Bioletti 's statement that 'The 
best rootings (row 2) therefore yielded a crop of over 3 tons to the 
acre more than the fair rootings (row 16). The value of the extra 
crop was much greater than the total cost of the best rootings.” 

From the data that has thus far been obtained it would seem 
that it may be concluded that selections from- clonal progenies are 
likely to react the same as similar selections from monoparental 
apogamic progenies or vice versa. 

It seems to the writer, from the evidence that has come under his 
observation, that at least in some cases there is clearly marked 
influence from the use of large or small seedlings or cuttings from 
apogamic and clonal progenies that is effective during a consider- 
able portion of the life cycle of the plant. In grape cuttings this 
influence was clearly marked up to the third year when the vines 
were in full bearing and in Citrus the influence was observable up 
to at least the end of the eighth year in the orchard. In both 
grapes and Citrus the influence on yield in the early years effected 
by choosing large plants was apparently sufficient to justify a 
severe selection. 

It is not likely that any result obtained by selection in such 
cases as these can be considered as in any way affecting the heritage 
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of the plants. The result is interpreted by the writer as being due 
entirely to the hold-over influence of large size and vigor in the 
young seedlings or cuttings which maintain the advantage gained 
during a considerable portion of the life of the plant. In long-lived, 
slow-growing perennials such as Citrus this advantage may be 
maintained for a considerable number of years. 

If we could choose two seedlings, one large and one small, which 
had inherited exactly the same growth rate and could plant these 
in absolutely uniform soils and under entirely uniform conditions so 
that the growth of each would be equal, theoretically the small 
plant could not reach the size of the large plant until a stage of 
senility was reached where the rate of decay equaled the rate of 
growth. Such theoretically uniform conditions, of course, can never 
be attained in practice but it seems reasonable to assume that the 
varying influences that affect the large seedlings would have equal 
influence on the small seedlings so that in general the average dif- 
ference would be maintained. 

The only question is whether the relatively small difference in 
size between the small seedlings or cuttings and the large ones 
when they are young is great enough to influence the resulting 
plants during a sufficiently long time to be of practical importance 
and justify the expense of making a selection. With Citrus seed- 
lings that are to be used as rootstocks the writer’s experiments seem 
to answer this question in the affirmative and the same is true of 
Bioletti’s experiments with grape cuttings. 

Attention may be called to the fact that this result in effect is 
comparable to that obtained in selecting large and small seeds of 
various plants and is in conformity with Blackman’s (1919) find- 
ings relative to the compound interest law as applied to the rate 
of plant growth. 
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The Economic Importance of Apogamy in Citrus 
and Mangifera 

By H. J. Webber, Citrus Experiment Station, Riverside, Calif, 

'J’HE purpose of this paper is not to present new facts relative to 
apogamy in the genera Citrus and Mangifera, the orange and the 
mango, but to call the attention of horticulturists to the important 
economic role which this interesting natural phenomenon plays in 
two horticultural industries, and to the problems involved. 

Certain plants, seemingly not being content to risk their exist- 
ence on the precarious possibilities of sexual reproduction alone, 
have evolved the ability, through means of the phenomenon termed 
apogamy, to produce viable embryos in the seed which have no 
direct relation to the regular egg apparatus and fecundation. 

This is accomplished, as w^e know through the investigations of 
Strasburger (3) and others, by the specialization of certain cells 
or groups of sells in the body of the ovary (nucellus) of the mother 
near the wall of the embryo sac. These cells become highly proto- 
plasmic, grow and divide more rapidly than the neighboring cells, 
and finally form masses of tissue which push out into the embryo 
sac and form embryos so nearly like those which develop from the 
egg cells proper that the two types of embryos cannot be dis- 
tinguished one from the other in the seed. 

Since apogamic embryos, originate from the somatic tissue of 
the mother and are not preceded by reduction division and fecunda- 
tion they naturally carr}' the full diploid chromosome complement 
direct from the mother and transmit the same heritage as the 
mother type. It would be expected, thus, that they would repro- 
duce seedlings of the same type as the mother unless there occurs 
some irregularity in an occasional cell division and such irregulari- 
ties are not common. 

While the seeds of both Citrus and Mangifera contain (except 
very rarely) only one egg cell and thus one sexually developed 
embryo, this apogamic development leads usually to the formation 
of several embryos in each seed (polyembryony), all of which are 
apogamic in origin except that one which comes from the egg cell 
following fecundation. It is also an important phenomenon that 
apparently this one sexual embryo is frequently crowded out! or for 
some cause fails to develop in which case all of the embryos of a 
seed are apogamic. 

In 1900 the writer (5) pointed out the difficulties that this phe- 
nomenon introduced into the study of Citrus hybrids, where a large 
percentage of the seedlings that develop from carefully crossed and 
guarded flowers are of apogamic origin. Here the seedlings from 
apogamic embryos cannot be distinguished readily in early stages 
from the true hybrids unless the parents differed markedly in 
some character which, combined in the hybrid, results in a dis- 
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tinctive character of foliage that enables the hybrids to be recog- 
nized. In hybrids of parents with similar foliage and plant body 
characters the true hybrids cannot be distinguished with certainty 
until they bear fruit, thus necessitating the expense of growing 
large numbers to secure a few hybrids. Here apogamy is a distinct 
disadvantage. 

In Citrus the main value of apogamy is likely to be found in its 
relation to the problem of securing rootstocks of uniform character. 
During the last 10 years attention has been focused oh the very 
great importance of the character of the rootstocks used in horti- 
cultural propagations and it has become increasingly evident that 
the genetic variation in seedlings used as stocks' is to be considered 
as responsible for much of the variation in the size and production 
exhibited by orchard trees. The great desideratum, thus, in the 
propagation of Citrus, as is the case also with other orchard fruits, 
is the availability of rootstocks that are known to possess the same 
heritage and to react the same under the same environmental con- 
ditions with a given scion variety. 

To obtain such uniform rootstocks experimentation has been 
directed toward vegetative propagation by cuttings or layers of 
known types of stocks and the comparison of the results produced 
by stocks thus obtained with the results obtained when the more 
or less variable seedlings from the same type are used. This work, 
mainly introduced and stimulated through the investigations of 
Director Hatton (2) and his co-workers (1917 and later) at the 
East Mailing Research Station, England, on the vegetative propa- 
gation of deciduous fruit stocks, has been taken up recently by 
many of our American Experiment Stations. In Citrus culture the 
propagation of fruit varieties by cuttings and layers has in some 
cases been successfully practiced (8), but the propagation by such 
methods of rootstocks which must later be budded has not been 
used in a commercial way. It seems probable that if such methods 
are to be used in Citrus it will be to grow fruit varieties dii'ect from 
cuttings, on their own stocks, rather than to propagate stocks for 
budding. 

In the studies of Citrus rootstocks, which are being conducted 
by the writer, it was early recognized that apogathy was likely to 
exercise an important role as it was known that several of the stocks 
commonly used exhibited a high degree of apogamic development. 
The early studies of the writer (6, 7) and the more recent investi- 
gations of Frost (1) and of Toxopeus (4) have indicated the varia- 
tion in the percentage of apogamic embryos in some of the Citrus 
species and varieties commonly used as stocks to be approximately 
as shown in Table L 

This wide variation in the percentage of apogamy shown by dif- 
ferent varieties or raced of the same species must be of significance 
in the production of uniform progeny and thus in the adaptability 
of the different sorts for use as stocks. 
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factor of exceptional interest in this connection is the high 
percentage of apogamy exhibited by some Fi hybrids of radically 
distinct species and the fact that such hybrids are frequently ex- 
ceptionally vigorous and are likely to possess value as stocks. The 
trifoliate orange (72 per cent apogamic) crossed with the sweet 
orange (40 to 95 per cent apogamic) gave rise to the group of Fi 
hybrids which have been designated “Citranges*' (7), and some of 
these have already attracted attention as desirable stock types. 
Progenies of several hundred plants each of several of these hybrid 
varieties, namely, Savage, Cunningham, Morton, Coleman, and 


TABLE I — grange of Apogamy in Species of Citrus 


Species 

Range in Percentage 
of Apogamic Embryos 

Sweet orange varieties (C. sinensis) 

1 40 to 95 

Sour orange varieties (C. aiirantium) 

75 to 85 

Grapefruit varieties (C. grandis) 

60 to 95 

Mandarin orange varieties (C. nohilis) 

10 to 100 

Lemon varieties (C. limonia) 

10 to 96 

Citron varieties (C. medico) 

40 to 50 

TrifoHate orange (Poncirus trifoliata) 

72 


Rusk, have been grown in connection with the writer's experiments 
and were found on careful examination of 3-year-old seedlings to 
have reproduced apparent^ true to the variety type in all cases. 
The seedlings of these varieties are therefore to be considered as 
being approximate!}' 100 per cent apogamic. Attention should be 
called to the fact that one of these Citranges, the Sanford, appar- 
ently develops few if any apogamic embryos and has been found to 
break up into many types in the Fo generation. 

A high percentage of apogamy is also exhibited by the Sampson 
Tangelo (Grapefruit X Tangerine) where the F 2 seedlings produce 
trees of the same charcter as the original Fi hybrid. Twenty-eight 
Fo seedlings of the Sampson Tangelo when about 2 years old chosen 
at random merely as good vigorous plants were planted in the 
Variety orchard of the Citrus Experimental Station in 1917. They 
are now about 16 years old and are growing in the same field ad- 
jacent to several budded trees of the Fi hybrid variety affording 
thus an opportunity for an easy comparison of their characters 
with those of the mother type. The Fo seedlings are remarkable 
for the uniformity they exhibit inter se in size, branch, foliage, and 
fruit characters, and for their vigorous growth. They can be dis- 
tinguished from the Fi budded trees only by their more upright 
growth which is a character almost invariably exhibited by seed- 
lings as distinct from budded trees. The examination of a popula- 
tion of over 200 3-year-old seedlings also showed only typical 
foliage characters of the variety ( Fi hybrid characters) and it is 
thus clear that the seedlings of the Sampson Tangelo under ordinary 
conditions are probably 100 per cent apogamic. 
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It would seem from what has been stated above as to the high 
percentage of apogamy occurring in many types of Citrus, that the 
obtaining of seedlings of uniform genetic constitution for use as 
rootstocks would present little difficulty, although there is, in most 
cases, a small number of the sexually produced embryos that de- 
velop seedlings. 

In the writer's experiments it has been found that among the 
progenies of all species and varieties that are not completely 
apogamic there occurs a small proportion of seedlings that differ 
from the prevailing type of the progeny in character of branching, 
foliage, and fruit. Most commonly these variants are of compara- 
tivel}^ small size though some are not, and almost invariably they 
produce some degree of dwarfing in scions grown on them. The 
evidence available indicates that these variants apparently are seed- 
lings produced from the normal (sexual) embryos, probably mainly 
by self-fertilization. The roguing out of these variants from a 
batch of nursery seedlings before they are budded is the most im- 
portant selection that can be made in the nursery. The seedlings 
remaining after such an elimination can be safely considered to be 
chiefly of apogamic origin. 

By the elimination of the variants from seedling progenies of 
individual trees of those species or varieties that develop a high 
percentage of apogamy, there is obtained a population almost wholly 
of apogamic origin and nearly or wholly uniform in genetic con- 
stitution. Such seedlings, if all from the same tree or clone, should 
possess the same degree of congeniality with the scions of any 
given fruit variety worked on them by budding or grafting; and 
the reactions produced under a given set of conditions can be de- 
termined sufficiently accurately so that apparently the same result 
can be confidently predicted whenever the same combinations are 
used under the same set of conditions. 

Probably no such certainty of results could ever be obtained by 
the use of variable seedlings of differing genetic constitution such 
as those obtained from cross pollinated plants that develop seeds in 
the normal way from the fertilized egg cells only. Apogamy thus 
apparently furnishes the citrus nurseryman a means of obtaining 
easily from any known good stock type, large batches of seedlings 
that can be depended upon to be of nearly uniform genetic type 
and to give a uniform reaction on the scion. This result has ap- 
parently been of great value to the industry in the past although 
not generally recognized and is likely to be of greater importance 
in the future as we learn more about the conditions and the reactions 
to be expected. 

In mangos (Mangifera indica) it has been long known that certain 
groups are apogamic and develop several embryos to the seed. In 
the Peach Mango grown in the Transvaal the writer found by 
counts in a nursery that each seed gave an average of 2 1/3 seed- 
lings, This variety is extensively grown in South Africa and is 
regularly propagated by seeds without grafting. The examination 
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of about 300 fruiting trees of this variet}' indicated that as great 
uniformity existed in the fruits as would be expected among fruits 
on asexually propagated trees. It seems evident that in this variety 
the degree of apogamy can be considered as approximately 1(X) per 
cent and that the variety can be as safely propagated by seeds as 
by budding or grafting. 

The Saber mango, a variety also grown in South Africa, is com- 
monly grown from seeds and apparently comes true to the type 
of the variety. It is probable that in this case also almost all of 
the seedlings come from apogamic embryos. 

In sections of the tropics certain good mangos have been com- 
monly propagated by seeds, but vegetative propagation is mainly 
advocated. Seedlings can be grown more cheaply than vegetatively 
propagated trees, and those good varieties that are highly apogamic 
certainly should be tested comparatively by both methods of propa- 
gation. 
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Hybridity in the Genus Liliiim 

By David Griffiths, LL S. Department of Agriculture, 
Washington, D, C. 

JN spite of the oft-repeated pessimistic views that hybrids in lilies 

are few and far between and when made are difficult to hold, im- 
portant progress is being made in the production of lily hybrids of a 
superior quality. New light is being secured on the possibilities. It 
is now known that there is no more inherent weakness in a lily hybrid 
than in a hybrid of any other group. Indeed, it is sufficiently proved 
that some hybrids of related species and crosses between what are 
considered varieties of a species haA^e greatly increased vigor. Not 
all the hybrids are strong but plent}' of them are, probably as large a 
proportion as of any other group. 

Of course it must be understood that the making of a hybrid or 
even getting it to flower is less than half the task ; after that comes 
the long grind of w^orking up a stock. Little is accomplished by pro- 
ducing a new lily and sticlang it away in one's garden whence it eventu- 
ally must disappear. The one good seedling must be multiplied by 
A^egetative means into a large stock and placed in the hands of many 
growers to insure perpetuation. When this is done, the perpetuation 
is reasonably assured if the A^ariety is worthy. 

It is a peculiar thing, that in the lily to a much greater extent than 
any other group, horticulturists have Auolated the principles govern- 
ing the propagation of a variety. All the stock of a A^ariety of tulips 
or daffodils is patiently multiplied by A^egetative means from a single 
seedling, it taking 20 A^ears to deA’elop a commercial stock of a daffo- 
dil seedling. However, in the lily there is a tendency to treat 
the descendants of an entire hybrid progeny as constituting a A^ariety. 
In one case at least all the plants of two crosses made several years 
apart haA^e been referred to the same variety. One may purchase 
seed of Sulphurgale and Backhouse hybrids which can not help being 
a disappointment. 

Probably the reason for such a condition of affairs and such prac- 
tices lies in the far greater percentage of desirable seedlings in a 
hybrid progeny of lilies than in most other groups. A hybrid progeny 
of 200 seedlings in some Lilium crosses may contain 200 more or less 
distinct plants, most of which are worthy of anyone's garden. Many 
may be too similar to justify their recognition as A^arieties but nearly 
all may be good lilies. 

The prospective lily breeder above all things desires to know’ the 
vulnerable spots in the genus. He wants to know at what points an 
attack may be made with reasonable promise of success. There are 
certain classical examples w^ell brought out in the literature and more 
may be added on the basis of recent work. 

1. The Nankeen is a hybrid of Lilium candidum and L. chalce- 
donkum. This cross and its reciprocal should be made again with a 
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resulting large progeny from which to make selections. It was made 
once and White Knight produced, but that has been lost. 

2. Pa,rkman's lily was produced by crossing LUium aurahmi and 
L, speciosum. It, too, has been lost. There is no question but this is 
a promising line of attack, but it is neither for the faint-hearted nor 
for the impatient. We will return to this later. 

3. LUium umbellafum in a host of forms is the product of L. ele- 
gans, L. croceum, L. davuricum^ etc. 

4. Ehr. Walter Van Fleet crossed all his stock of Liliitrn tenuifoUimi 
and L. concolor both ways for three years. One hybrid out of more 
than 2,000 plants was secured, but a mole destroyed that. This loss 
should not be charged to any shortcoming of the lily, and the cross 
should be tried again. 

5. Lilium pardalimmi and L. humboldti cross readily and give a riot 
of color and strong, vigorous plants. Indeed, at least some of the 
commercial stocks sold today as L. bloomeriamnn seem to be of this 
derivation. 

6. Both LUium pardalinum and L. humboldti cross readily with L. 
parryi, giving most interesting hybrids. 

7. LUium coluinbianmn crosses readily with L. />arda/nm ni., and the 
Ft progeny shows all gradations of inflorescence and bulb characters. 

8. Lilium regale on L. sargentiae has produced the interesting hy- 
brid, George C. Creelman. This cross should be made again in re- 
ciprocal, and a large colony produced from which selections of various 
types can be made. A recent letter from Professor Crow indicates 
this is being followed up. 

9. Lilium leiicanthum and L. regale cross readily, producing vigor- 
ous, robust hybrids which flow^er profusely the second year under 
entirely out-of-door conditions at the United States Bellingham Bulb 
Station, Bellingham, Washington. 

10. LUium leiicanthum and L. sargentiae cross readily and some 
of the plants produce bulbils, -with L. leiicanthum as the female 
parent. 

11. George C. Creelman on Lilium leiicanthum has given bulbil- 
producing progeny. This cross proved to be two hybrids, as the bul- 
bils can only come from the mother of Creelman. 

12. Lilhmi martagon album will set seed wdth pollen of our West- 
American martagons as well as L. tenuifolhinu 

13. Lilium hansoni has steadily failed with us to set seed with its 
own pollen, but sets readily with that of L. martagon or its hybrids. 

14. Miss Preston has produced Lilium ddvniottiae (L. zvilhnottiae 
crossed with L. davidi), and it is pronounced a desirable hybrid by 
those who have seen it. She is also responsible for L. tigrbmx (L. 
m-axinwzificsi on L. tigrimmi), which is of undoubted value. 

15. Lilntm martagon alhitm and L. tenuifoluiui have produced L, 
temtifolium. Golden Gleam. 

16. From Skinner's Dropmore Nursery in bleak Manitoba comes 
Lilium scottii, a cross of L. zmlhwttiae with L. mahonia. 
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17. From Theodore Albert comes the announcement that he has 
an undoubted cross from LUlum teuuifolium on L. regale. Aftei 
this, anything is possible. 

This by no means exhausts the subject, but enough points of at- 
tack are enumerated to demonstrate the rich field that lies before 
the investigator who is inclined to do a piece of real investigational 
work for the benefit of the gardening public. 

A line of attack which has a distinct appeal to the author has for 
its aim the production of a glorified regal flower similar to that of 
Creelman on a plant producing bulbils. This is a demonstrated possi- 
bility. Bulbil-producing plants have been secured from George C. 
Creelman x L. leiicanthmn. It has a regal-like flower. K desirable 
hybrid of this kind could readily be reproduced vegetatively. L. sar- 
genfiae x L. leucanthuni has given a good percentage of bulbil-pro- 
ducing plants in the first generation. Our progenies in which L. 
snlphureum has been used are not 3 'et far enough advanced to make 
definite predictions regarding them, but Sulphurgale hybrids are in 
commerce, and Professor Crow has carried the work farther. 

It is interesting that so many of these hybrids are of recent origin. 
Most of them are too recent for stocks to be on the market. It is a 
remarkable showing when one considers that even in recent years it 
w'as stoutly maintained bv some of the leading students of the lily 
that “It could not be done,” the opinion being founded on the fact 
that it had not been effectively done in the past, the hybrids which 
had been made having mostly disappeared, supposedly because of 
weakness, when, as a matter of fact, as now appears, it was due to 
lack of commercial acumen or interest to work up stocks for a distri- 
bution wide enough to insure perpetuation. 

No one can predict now what turn matters will take. Each breeder 
has his own ideas and is working to a certain end with certain species 
which seem to him to have the greatest promise. Some are working 
in a hit and miss fashion, crossing whatever varieties come into blos- 
som together. This is decidedly desirable at the present time when 
the subject is new and the possibilities are so little known. A great 
deal of information will be gained in this way. A word of caution,, 
however, may not be amiss. A failure in effecting a cross from pol- 
linations may not prove that another trial will not succeed. Dr. Van 
Fleet's experience with Liliitm concolor and L. tcnnifolmn is to the 
point. It took three reciprocal sets of crosses of his entire stock to 
produce a single hybrid seedling, and that was a vigorous “mule.” 

Wilson (1) recognizes* a total of about 10 hybrid lilies, 4 of which 
w^e know no longer exist. Besides these he recognizes a ]:>ossible hybrid- 
ity in the Lilium daznirkiim-elegans-umhellatiim-thimhergiamim me- 
lange which ma}' never be deciphered or even fully demonstrated. This 
is certainly a poor showing for so long a period as the lily has been 
and in a measure justifies the pessimism regarding the pos- 
sibility of improving the species by cross pollination. Adding to 
these few recognized by Wilson, two or three others and the so-called 
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Backhouse hybrids, we have all the hybrid lilies developed up to about 
15 years ^o. Indeed, what is called Princeps belongs to the modern 
era, for it appeared about the time Wilson published his book. So 
there were no more than 7 or 8 hybrid lilies extant from all efforts 
made in that direction up to about 1920 unless we count all the urn- 
bellatums, and Backhouse hybrids which are comparatively modern. 

So far as known, Luther Burbank was the first to point out the 
possibility of improvement by hybridity in our West-coast lilies. He 
actually produced ^'a riot of color and form,’’ but so far as known 
did not get to the point of segregating out and developing cions from 
the seedlings thus produced. His work seems to have been entirely 
lost. 

Each breeder has his own line of attack for the future and is the 
best qualified to discuss the probabilities in his groups. To the author 
there are two or three very promising leads, on each of which progress 
has been made. 

I. Lilium Juimboldti-pardalmum-parryi. From combinations of these 
have come in the first generation 10 good lilies, half of which are 
now widely distributed in the hands of lily growers who will be able 
to offer a little stock to the public in 1933. These are Shuksan, Kul- 
shan, Douglas Ingram, Star of Oregon, and Sacajawea. What is ap- 
parently the reciprocal of the cross which produced the five named 
above has produced a beautiful lily which is frequent in gardens of 
the lower Willamette Valley. 

The second generation, obtained by promiscuous pollinations of 
the above among themselves, has yielded 10 more seedlings which 
were segregated in 1931 and the production of cions started. In this 
generation there are lilies ranging in color from pure lemon yellow 
through orange to those which are so dark brown they are almost 
black, a wider range than in the first generation. 

At present three dozen definite crosses between the best of the first 
generation cions and between them and their parents are being grown. 
These began to blossom in 1931 and show- still different colors and 
larger flowers. It seems safe to predict that 30 good and distinct 
lilies will come, out of this line of hybrids. 

II. Lilium regale-sargentiac-leucanthum-sulphuremn. These spe- 
cies will combine readily in any way one chooses to apply pollen and 
in my opinion will be productive of some of the grandest of lilies. 
George C. Creelman is a glorified L. regale, a wonderful lily. Some 
recent crosses of it, regale, sargentiae and leucanthum, have produced 
some of the softest, most wonderful tints we have ever seen in lilies. 
The blend of color between the yellow throats of L. regale and 
George C. Creelman, the somber of L. sargentiae, and the greenish 
of some forms of L. leucanthum are marvelous. 

However, experience teaches that it is not wise to count too much 
on the first blossoms. They may and probably will hold their color 
characters and forms, but their constitutions and propagating quali- 
ties are matters for the future to gauge. Our experience with the 
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W'est-American martagon hybrids is illustrative. The first selection 
contained three dozen cions which in 8 years have been reduced to 10. 
Many of them were discarded because we were not able to propagate 
them rapidly enough. Propagating quality is very variable. Some 
do poorly, while others make great festoons when left alone over a 
few years. 

III. Lilium speciosum. There is an opportunity for some good 
work in this group alone as well as in combination with L, anratimi. 
Some marvelous hybrids have been produced in the past, but they 
have been lost. 

Work with the group is tedious because the seedlings thus far are 
slow to multiply. However, to get good seedlings often one need 
not go outside of the species itself. 

The writer made some cross pollinations of Lilium speciosum 
magnificmn and L. speciosum melpomene about 10 years ago. Some 
of these seedlings are vast improvements over any of the varieties of 
this lily known. One of them is especially noteworthy and has been 
pronounced by good judges the best lily on the Bellingham Bulb 
Station. But after 5 years of letting alone, undisturbed after the 
segregation from its progeny at 4 years of age, we have but four 
bulbs. It is being employed in further breeding. 

This gives but a bird’s-eye view of the possibilities and the up-to- 
date accomplishments in the hybridization of the lily. It is not an 
easy matter at all to get together material for the breeding in the 
entire genus. Besides a greenhouse is necessary for some of the 
late-blossoming varieties if one wishes to cover the entire genus. But 
a great deal can be accomplished with the early and midseason varie- 
ties which do not need a greenhouse. 

This leaves much untold, for the breeders have not yet given out 
reports on their results. Your attention is again called in closing to 
the very large accomplishment of the past 10 or 12 years due in the 
largest measure to the renewed interest in the lily and the better 
comprehension of the methods of its propagation. Anyone starting 
in on lily breeding with limited facilities would do well to decide on 
some promising line of breeding and follow it up through not les.s 
than three generations with as large progenies as possible. 
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Sweet Cherry Pollination in Washington for 1931^ 

B}’ L. L. Claypool, F. L. Overley, and E. L. Overholser, 
State College of Washington, Pullman, Wash. 

^HERE is still a problem in the pollination of sweet cherries in 
Washington, and perhaps in other states growing sweet cherries, 
notwithstanding the fact that pollenizers have been placed in most 
of the orchards within recent years. In central \\''ashington in the 
spring of 1931 a normal set from open pollination of as low as 3 to 5 
per cent was found on some trees without pollenizers close by, 
whereas trees adjacent to seedling or pollenizer trees, had a set of as 
high as 68 per cent. This failure to set fruit was the result of un- 
favorable weather conditions for pollination which hampered bee 
activit}^ coupled in many cases with an inadequate number of pol- 
lenizer trees or the use of pollenizers which are of only mediocre 
value. 

Several good pollenizer varieties, which were also of fair to good 
market quality, have been known for a number of years. The market 
value of these pollenizer varieties, however, has been steadily de- 
creasing within the last few years, until at the present time it is low. 
It is true that pollenizer trees are worth while in an orchard even 
though they bring no returns for their own crop. Nevertheless, it is 
a distinct advantage if the pollenizer trees can produce fruit which 
approaches the quality and value of the Bing, Lambert, and Napoleon 
varieties. Until within the last few years, no variety was known that 
would meet these qualifications. Recent tests, however, have shown 
the Deacon to be promising. This variety has previousl}’' showm 
promise in trials in Wenatchee, Washington (3) and at Summer- 
land, B- C. (1). As described by Overholser and Overley (4), the 
Deacon matures in mid-season> slightly earlier than the Bing. It is 
almost as large as the Bing and with a similar shape. The color of the 
fruit is very dark red to black, and the juice is red in color while that 
of the Bing is dark purple in color. The fruit is of slightly softer 
and less coarse texture than the Bing. The stylar scar of Deacon 
is about one-half as large as is that of the Bing. The Deacon is of 
good shipping quality and w^ould pass for the Bing unless a dose 
examination were made. 

Method of Procedure 

Established methods for hand pollination were used in making the 
crosses for pollination trials in 1931. Vigorous flowers in the proper 
stage were emasculated and were pollinated within a period of 48 
hours or less after emasculation. Blowers that were not used were 

^Published as Scientific Paper No. 208, College of Agriculture and Experi- 
ment Station, State College of Washington. 
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removed. Pollen used from the different varieties showed a germi- 
nation varying from 20 to 80 per cent. Two counts were made fol- 
lowing pollination, the first about 3 weeks after pollination and the 
second shortly before harvest. The latter count proved to be more 
accurate and is used in these data. Cross pollinations were made in 
the Norton orchard at Grandview, the Brown orchard at Selah, and 
the Balch orchard at Wenatchee. 


TABLE I — Pollination Response of Bing, Napoleon, and 
Lambert Cherries 


Pollen Parent 

Bing 

Napoleon | 

Lambert 

Set 

(Per cent) 

Normal 

Set 

(Per cent) 

Set 

(Per cent) 

' 

Normal 

Set 

(Per cent) 

Set 

(Per cent) 

Normal 

Set 

(Per cent) 

Bing 

0 

3.0 

0 

5.2 

0 

3.3 

Napoleon 

0 

3.0 

0.36 

5.2 

0.63 

3.3 

Lambert 

0 

3.0 

0 

5.2 

0 

3.3 

Black Republican. , 

35.4 

3.0 

14.9 

5.2 

22.6 1 

3.3 

Black Tartarian . . . 

33.6 

3.0 

19.2 

5.2 

63.1 

3.3 

Norma 

19.8 

68.0 

20.S 

5.2 

_ 



13.9 

3.0 

5 0 

3 3 

Brackett Seedling. . i 


— 

— . 

20.0 

3.3 

King Albert 

0.9 

22.2 

1.1 

30.6 

1.3 

25.2 

Deacon ! 

35.6 

22.2 

48.6 

30.6 

29.3 

25.2 

May Duke i 

— 

— 

9.5 

5.2 

14.5 * 

3.3 

Montmorency 

23.8 

22.2 

45.8 

30.6 

31.0 

25.2 

Early Richmond. . . 

6.6 

22.2 

5.4 

30.6 

4.4 

25.2 

Parkhill Seedling^ . . i 

7.3 

! 5,4 

17.6 

24.1 

14.5 

1 11.0 

Deacon^ 

9.7 

! 5.4 

11.6 

24.1 

38.2 

1 11.0 


iTests at Wenatchee, Others in Yakima Valley. 


Most of the varieties used as pollenizers were sweet cherries 
{Prmius avium). These include Bing, Lambert, Napoleon, Black 
Republican, Black Tartarian, Centennial, Nonna, King Albert, 
Deacon, and seedlings. Two varieties of sour cherries (Prunus cera- 
stis), Montmorency and Early Richmond, were used to determine 
the cross-compatibility of the two species. May Duke, a hybrid lie- 
tween a sour and a sweet cherry, was also used as a pollenizer. All 
sets obtained were compared with normal set resulting from open 
pollination. 

The data in Table I show the pollination response of Bing, Na- 
poleon, and Lambert to pollen from, the various pollenizers tested. 

The Bing, As previously found, the Bing was self -sterile, and 
inter-sterile with Naopleon and Lambert (2,3). King Albert also 
was incompatible with Bing. This variety is a bud sport that has 
given some promise as an oddity for canning. The pollenizers giv- 
ing the best set of fruit were Deacon, Black Tartarian, Black Repub- 
lican, Norma, and Montmorency, These results corroborate previous 
work done in this state and other states with the exception of Mont- 
morency which had not been previously employed as a pollenizer for 
the Bing. '• 
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The Napoleon, Napoleon was pollinated with pollen from 12 cherry 
varieties. Similarly to the Bing, the Napoleon proved self-sterile and 
inter-sterile with the Bing and the Lambert. The King Albert also 
proved inter-sterile with Napoleon. The best sets were obtained from 
Deacon, Montmorency, Norma,? Black Tartarian, Black Republican, and 
Parkhill Seedling. Duke was fairly satisfactory as a pollenizer 
notwithstanding the fact that it is an interspecific hybrid. Montmor- 
ency again indicated its strong compatibility wdth sweet cherries by the 
high percentage of fruit set. 

The Lambert. Thirteen varieties of pollen were used for crosses 
with the Lambert. As had been anticipated, the Lambert was self- 
sterile and inter-sterile with Bing and Napoleon. The best pollenizers 
were Black Tartarian, Deacon, Montmorency, and Black Republican. 
The May Duke and seedlings were fairly satisfactory, whereas the 
Centennial, King Albert and Early Richmond, w'hile giving some set, 
were not satisfactory as pollenizers. 

Discussion 

The three principal varieties of sweet cherries grow'ii in the North- 
west, namely, Bing, Napoleon, and Lambert, behaved similarly in 
their response to pollenizers. The outstanding pollenizing variety, 
both from the standpoint of pollination and marketability was the 
Deacon. Other excellent pollenizer varieties, which, how^ever, have 
been declining in market value the last few^ years, are Black Tar- 
tarian, Black Republican, and Norma. Seedling trees are usually good 
pollenizers but are of no commercial value. 

The high percentage set obtained w-hen Montmorenc}^ was used 
as a pollenizer is interesting from the botanical standpoint since 
inter-specific crosses usually do not result in a high per cent of com- 
patibility. In contrast Early Richmond, although causing some set 
of fruit, was not nearly as compatible with the sweet cherries as was 
Montmorency. In the Pacific Northwest the sour varieties are of no 
value in ix>llenizing sweet varieties because their normal blooming 
period is from 5 to 10 days later than that of Bing, Napoleon, and 
Lambert. The set obtained when May Duke was used as a pollenizer 
is also interesting from the standpoint that interspecific hybrids are 
often self-sterile and inter-sterile with either parent. Although the 
per cent of fruit set was not great enough to consider May Duke in 
the class of good pollenizers, it indicates that some pollination value 
is probably realized wdien May Duke trees are present in a sweet 
cherry orchard. 

Because of the value of Deacon as a pollenizer, it should be known 
whether Deacon is self -fertile or inter-fertile with Bing, Lambert, 
and Napoleon. Deacon is self-sterile and will not pollinate itself. 
Overholser and Overley (3), with one year’s results reported that 
Bing, Lambert, and Napoleon were all satisfactory pollenizers for the 
Deacon. Britton ( 1 ) also reported that the Deacon was satisfactorily 
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pollinated by Bing, Lambert, and Napoleon in Sumnierland, B. C. 
The 1931 pollination tests with these three varieties on Deacon were 
not satisfactory. It is possible, however, that unfavorable weather 
conditions were responsible for the poor sets obtained. Further study 
is probably desirable in establishing the compatibility between Deacon 
and Bing, Lambert, and Napoleon. 
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Pollination Studies With Some Newer Apple Varieties 

ByH. E. Knowlton, West Virginia University, Morgantoven, IV. Va. 

JT has seemed almost axiomatic that old varieties give way slowly 
to new ones, particularly with fruits like the apple that take 
some time to come into bearing. It has not been so true, however, 
in recent years. The Delicious is not described in ‘The Apples of 
New York,” yet today it is the third most important commercial 
variety in West Virginia. The Golden Delicious, introduced IS 
years ago, is known, but perhaps not planted, wherever apples are 
grown in America. Better methods of transportation and com- 
munication and high pressure advertising and salesmanship are 
mostly responsible. Now come the “color sports.” Growers are 
planting them heavily and are clamoring for information as to 
their pollination requirements. For the most part this report deals 
with results secured with varieties that are now being talked about 
in West Virginia. 

Methods of experimentation have been as in previous reports. 
Wire-screened cages or muslin bags have been used to exclude 
insects. Stamens and most of the petals were removed in emascu- 
lation and not more than 3 flowers pei^ cluster pollinated. Notice- 
ably weak spurs were discarded. Fruit was counted after the first 
drop. 

The Lowry is a Virginia variety that has come into some 
prominence in recent years in the Shenandoah-Cumberland Valley. 
Little is known as to its pollination requirements or its value as a 
pollenizer for other varieties. Time of blooming is in midseason. 
Pollen was kindlv furnished by Mr. W. S. Campfield of Staunton, 
Va. 


TABLE I — Set of Fruit on Northwestern at the Experiment 
Station Orchard 

1930 


Pollenizer 

Nmnber of 
Blossoms Crossed 

Number 
Blossoms Set 

Per cent 
Blossoms Set 

Delicious 

116 

38 

32.7 

Jonathan 

118 

39 

33.0 


1931 



Northwestern 

m 


1.5 

Starking 

406 

101 

24.9 

Red Rome 

528 

70 

13.3 

York 

404 

70 

17.3 

Lowry 

441 

81 

18.4 


Results (Table I) indicate that Northwestern is self-sterile and 
that Starking, Red Rome, Lowry, York, Jonathan, and Delicious 
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are good pollenizers. Rome seems to be practically self-sterile 
(Table II), King David, Northwestern, Golden Delicious, Jona- 
than, Starking, and Lowry pollen gave good sets. Red Rome pollen 
gave a poor set, as one would expect. Pollen was supposedly ob- 


TABLE II — Set of Fruit on Rome at the Experiment Station Orchard 


Pollenizer j 

Number 

Blossoms Crossed 

Number 
Blossoms Set 

Per cent 
Blossoms Set 

Rome 

1930 

521 

3 

.6 

Red Rome 

528 

28 

5.3 

King David 

494 

309 

62.5 

Northwestern 

531 

412 

77.6 

Golden Delicious 

649 

454 

69.9 

Jonathan 

8S 

65 

74.0 

Rome 

1931 

293 

11 

3.7 

Red Rome 

339 

11 

3.2 

Lowry 

399 

239 

59.9 

Starlang 

239 

174 

72.8 


tained from the same trees that gave a high set on Rome in 1929 
(1). In view of these results it is probable that pollen was gathered 
by the grower from the wrong trees. Lowry is a good pollenizer 
for Delicious (Table III). 

The variety York is the most important variety in the state, con- 
stituting over 15 per cent of the commercial orchards. Field ob- 
servations indicate that it is sufficient!}:^ self-fertile for a commer- 
cial crop. Controlled pollination tests have not generally indicated 
this. Results in 1931 are shown in Table III. 


TABLE III — Set of Fruit From Certain Crosses at the Experiment 

Station Orchard 


Variety Cross 

Number 

Blossoms Crossed 

Number 
Blossoms Set 

Per cent 
Blossoms Set 


1931 



York X York 

293 

1 

.03 

York X Red Rome 

201 

73 

36.3 

York X Northwestern 

241 

76 

31.5 

Delicious x Starking 

235 i 

13 

5.5 

Ddidous X Lowry 

254 

114 

44.9 


The York tree used in these crosses was about 15 years old, 
vigorous and with SO to 75 per cent of its spurs blooming. Pistils 
at time of pollinating were in unusually good condition. It is diffi- 
cult to understand its failure to set when self-pollinated in view 
of its behavior in solid orchard blocks under field conditions. 






knowlton: sterility in new apples 


73 


There is some indication that pollen from the red sports give a 
somewhat higher set on the varieties from which they have origi- 
nated than these varieties selfed. Starking gave a somewhat larger 
set on Delicious than is usually gotten when Delicious is selfed. 
Red Rome pollen on Rome gave a higher set than Rome selfed in 
1930 but not in 1931. 
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Pollination of Certain Apple Bud Sports in North Central 

Washington^’® 

By E. L. Overholser and F. L. Overley, State College of 
Washington, Pidlman, Wash, 

IN North Central Washington there are at present appreciable plant- 
ings of several red colored bud mutations of standard named 
commercial apple varieties. The growers are interested in knowing the 
pollination status of these red strains with respect to whether they 
are self-fertile, inter-fertile with other commercial sorts, and if not 
what may be satisfactory pollenizers for them. It is of interest also 
to know the effectiveness of the mutations as pollenizers for the 
Delicious and Winesap, the two leading standard varieties grown 
in Washington that tend to be self-fertile. 

The mutations whose pollination responses were studied included 
the Starking, the Richared, and the Shotwell Delicious, all of which 
are bud sports from the Delicious; the Red Rome; the Blackjon and 
the King John, from Jonathan; and the Red Winesap, the Red 
Stayman, and others, whose names indicate the variety giving rise to 
the mutation. 

The work here reported was conducted in northcentral Washing- 
ton during the seasons 1928 to 1931 inclusive. Standard methods were 
employed. Not more than three blossoms to a cluster on vigorous 
spurs were emasculated, the remaining blossoms being pinched off. 
After emasculation, the flowers were left exposed. Pollen showing 
20 to 60 per cent germination was applied within 24 hours after 
emasculation. The final count was made after the drop.” 

Results with Delicious 

Work published during the last 10 years by 17 investigators in nine 
different states definitely demonstrates that the Delicious is self- 
unfruitful. This is substantiated by the data (Table I) obtained in 
northcentral Washington. Bud sport varieties and their parents here 
studied that seem to be satisfactory pollenizers for the Delicious are : 
Blackjon, King John, Red Rome, Jonathan, and Rome. Those varie- 
ties that appear to be cross-unfruitful with Delicious are Red Stay- 
man, Richared, Shotwell Delicious, Starking, and Winesap. The 
data concerning the value of Golden Delicious as a pollenizer for the 
Delicious are inconclusive. In 1928 this variety was unsatisfactory, in 
1929 highly cross-fruitful, and in 1931 only fairly satisfactory. The 
Red Winesap appeared doubtful as a pollenizer for the Delicious. 

Whitehouse and Auchter (1926) found that the pollen of Golden 

^The data previous to 1930 that are reported were obtained by Mr. William 
Luce, formerly of the State College of Washington. 

^Published as Scientific Paper No. 204, College of Agriculture and Experi- 
ment Station, State College of Washington. 
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Delicious gave a set of only 5.7 per cent upon the Delicious when 
the normal set was 16.7 per cent. Knowlton (1929), however, found 
in West Virginia that the Golden Delicious was a good pollenizer of 
the Delicious. In 1927 Howlett, using a limited number of flowers, 
reported the Golden Delicious as an unsatisfactory pollenizer for the 
Delicious, but in 1929 he recommended the Golden Delicious as 
satisfactory. These results indicate that the value of the Golden 
Delicious as a pollenizer for the Delicious is uncertain. 


TABLE I — The Pollination Response of the Delicious 


Pollen Parent 

Years 

1 

Total 

Flowers 

Pollinated 

Total 

Fruit 

Set 

Average 
Per cent 
Fruit Set 

Blackjon 

1931 

765 

123 

16.1 

Delicious (selfed) 

1926-31 

2,369 

156 

34 


Golden Delicious 

1928 

5 

3.2 

Golden Delicious 

1929 

135 

32 

23.9 

Golden Delicious 

1931 

843 

67 

7.9 

Jonathan 

1926-31 


184 

14.1 

Ring John 

1931 

47 

i 15,6 

Red Rome 

1929-31 

852 


11.7 

Red Stayman i 

1928 

56 

0 i 


Red Winesap 

1928-31 

154 

8 ! 

5.2 

Richared 

1927, '29, '30, '31 
1926, '31 

840 

17 

2.0 

Rome 


257 

17.3 

Shotwell Delicious 

1931 

5 


Starking 

1930, '31 

789 

6 


Winesap 

1927, '30 

359 

3 

0.8 

Normal Count 

1926, '31 

1,841 


11.0 


Vincent (1920) in Idaho; Whitehouse and Auchter (1925) in 
Maryland; Lantz (1926) ; Morris and Luce (1926) in Washin^on; 
Howlett (1929) in Ohio; and Murneek, Yocum, and McCubbin 
(1930) in Missouri, obtained good sets from Delicious when polli- 
nated with Jonathan. It is perhaps to be expected that the bud sports 
of this variety, such as Blackjon and King John would also satisfac- 
torily pollinate the Delicious. 

The data obtained in Washington for 2 years indicate that the Red 
Rome strain employed was a satisfactory pollenizer for the Delicious. 
This substantiates the findings of Morris and Luce (1928), and is 
to be expected since the Rome has been found by most investigators 
to be a good pollenizer for the Delicious. Howlett (1929), how- 
ever, did not obtain a set upon Delicious with pollen of Gallia, 
(probably a seedling of Red Rome). Young trees of Red Rome tend, 
however, to bloom somewhat later than the Delicious. 

In the limited number of trials in Washington, the Red Stayman 
was entirely inadequate as a pollenizer for the Delicious. It would 
not be expected that Red Stayman strains would be satisfactory, 
since the Stayman itself has been found so unsatisfactory. 

Likewise, the Red Winesap did not pollinate the Delicious. This 
also would be expected from the fact that the true Winesap is un- 
satisfactory as a Delicious pollenizer. 
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Since the Delicious is self -sterile, it is not inconsistent to find that 
the Richared, a mutation of the Delicious, is inter-sterile with the 
latter, as shown by 4 years' data. Morris and Luce (1928) also re- 
ported this to be the case. 

Results with Winesap 

The evidence obtained by investigators is that the Winesap is self- 
unfruitful. Those varieties and strains which the data in Table II 
indicate are satisfactory pollenizers for the Winesap are: Delicious, 
Richared, Starking, Golden Delicious, King John, and Red Rome. 
Red Stayman and Stayman appear cross-unfruitful upon Winesap. 


TABLE II — ^The Pollination Response of the Winesap 


PoUen Parent 

Years 

Total 

Flowers 

Pollinated 

Total 

Fruit 

Set 

Average 
Per cent 
Fruit Set 

Blackjou 

1931 

315 

32 

10.0 

Deliciotis 

1926-31 

6,541 

545 

1,733 

108 

26.5 

Golden Delicious 

1928-31 

19.8 

Jonathan 

1928-30 

429 

79 

20.0 

King John 

1931 

69 

12 

17.4 

Red Rome , 

1928-30, *31 
1928 

537 

74 

12.9 

Red Stayman 

100 

0 

0.0 

Richared 

1928-30, *31 
1930 

564 

52 

9.2 

Rome 

322 

72 

22.3 

Starking 

1930-31 

494 

47 

9.5 

Sta3rman 

1928 

100 

3 

3.0 

Winesap (selfed) 

1926-30 

3,491 

442 

34 

1.0 

Normal Count 

1928-30, *31 

56 

9.67 


Results with Richared 

The Richared blossoms employed for pollination were on trees 
about 7 years old and hence the set may have been less than would 
have been the case on more mature trees. 

The Richai'ed (Table III) was self-unfruitful failed to set satis- 
factorily with pollen from Delicious, Starking, and Shotwell Deli- 
cious. The Richared seems to be adequately cross-fertilized by King 
David, McIntosh, Ortley, Rome and Winter Banana. The Golden 
Delicious, King John, and Red Rome, were only partially satisfac- 
tory as pollenizers for the Richared. In 1929, the Yellow Newtown 
gave an excellent set on the Richared, but in 1930 and 1931, the set 
was unsatisfactory. 

The data for 1931 with emasculated Richared flowers exposed but 
not hand pollinated indicate that chance pollination by insects or 
winds is negligible. Out of 566 flowers so treated only two set fruit. 

Results with Starring 

The Starking blossoms pollinated were on grafts 4 years old on 
trees approximately 15 years old. The data in Table IV show the 
Starking to be self-unfruitful, and to be inter-unfruitful with Deli- 
cious and Shotwell Delicious. Varieties indicated as satisfactory pol- 
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lenizers for the Starking are Blackjon, Golden Delicious, and White 
Winter Pearmain. 


TABLE III — The Pollination Response of the Richared 


Pollen Parent 

1 

Years 

Total 

Flowers 

Pollinated 

Total 

Fruit 

Set 

Average 
Per cent 
Fruit Set 

Delicious 

1930-31 

422 

3 

0.7 

Golden Delicious 

1929-31 

324 

18 

5.6 

King David 

1927 

72 

12 

17.0 

Kang John 

1931 

201 

9 

4.5 

McIntosh 

1929-31 

287 

I 52 

18.1 

Ortley 

1929 

72 

9 

12.5 

Richared (self ed) 

1927-29, ^30, *31 

543 

9 

1.7 

Red Rome 

1930-31 

401 

14 

3.5 

Rome 

1929-31 

283 

59 

20.8 

Starking 

1930-31 

371 

4 

— 

Shotwell Delicious 

1931 

153 

1 

0.7 

Winter Banana 

1928 

67 

30 

45.0 

Yellow Newtown 

1929 

25 

16 

64.0 

Yellow Newtown 

1930-31 

394 

8 

2.0 

Normal Count 

1930-31 

1,489 

99 

6.6 

Emasculated only, no pol- 





en applied 

1931 

566 

2 

0.35 


TABLE IV — The Pollination Response of the Starring 


Pollen Parent 

Years 

Total 

Flowers 

Pollinated 

Total 

Fruit 

Set 

Average 
Per cent 
Fruit Set 

Blackjon 

1931 

203 

25 

12.32 

Delicious 

1930-31 

348 

0 

0.0 

Golden Delicious 

1931 

214 

32 

14.95 

Shotwell Delicious 

1931 

73 

0 

0.0 

Starking 

1930-31 

366 

0 

0.0 

White Winter Pearmain. . . 

1931 

144 

29 

20.14 

Normal Count Average. , . 

— : 

1,385 

348 

18.83 
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Pollination of the McIntosh Apple in the Champlain 
Valley — ^Third Progress Report 

By A. B. Bttrrell and R. G. Parker, Cornell University, Ithaca, N.Y, 

^HIS paper summarizes the third year’s results in a series of studies 
initiated in 1929 and 1930 and previously reported (1,2). The 
matters under investigation are, (1) the value of different pollen 
varieties in causing McIntosh to set fruit, (2) the effect on set of 
fruit of pollinating the same unit branches for several years in a 
solid McIntosh block, and (3) the distance over which pollen bou- 
quets are effective in increasing the set of fruit. 

In 1931, weather during the blooming period of the orchards in 
question was unfavorable for pollination, being cool and rainy. The 
24-hour temperature ranges of the 13 days during which McIntosh 
was in bloom were respectively, 53 to 73, 44 to 63, 44 to 55, 40 to 51, 
40 to 62, 45 to 53, 44 to 66, 43 to 57, 35 to 57, 31 to 70, 53 to 82, 60 
to 86, and 57 to 77. On the first two and last two days, relatively few 
blossoms were at the proper stage to benefit by pollination. There 
was some rain on the first six, the eighth, twelfth, and thirteenth days. 
Most days afforded intervals during which the bee flight occurred to 
a limited extent. In these orchards as a whole, satisfactoi'y Mc- 
Intosh yields were obtained only in the immediate vicinity of trees of 
other varieties. These weather conditions are in marked contrast to 
those of the preceding two years. In 1929, the weather was uniformly 
warm and sunny, while in 1930, it was betw^een the extremely favor- 
able weather of 1929 and the unfavorable weather of 1931. Orchard 
No. 2 in Table II bloomed a few days later and had favorable 
weather for pollination. 

For nearly all of the work, the branch-unit method was used. Uni- 
form branches about an inch in diameter were selected, and when 
most of the blossoms were open, pollen of the desired variety, pre- 
viously collected and dried, was brushed onto the stigmas of two or 
three blossoms of each cluster. M’here it was desired to compare the 
effectiveness of different pollens, a cheesecloth bag, 3 by 6 feet, cov- 
ered the branch from the time when the most advanced blossoms 
were in full pink stage until after petal fall, to prevent insect visita- 
tion. Where it w'^as desired merely to determine whether lack of cross- 
pollination was limiting the set, the branches were exposed to natural 
agencies throughout. All batches of pollen were tested and only those 
showing at least moderately good germination were used. 

Different Varieties as McIntosh Pollenizers 
Table I summarizes the effect of five standard pollen varieties on 
yield of McIntosh over a 3-year period. Each unit branch received 
pollen of the same variety for three successive years. Probably the 
best single criterion of the behavior of the branches is the column 
giving the percentage of all spurs with fruit, 1929-1931, inclusive. 

78 
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TABLE II — ^Yield of McIntosh Unit Branches Pollinated With Some of 
THE Newer Pollen Varieties, 1931 






No. 

No. Spurs ; 
with Fruit 
June 

No. Spurs 
with Fruit 
Sept. 

Per cent Bios- 

Orctard 
and Tree No. 

Branch 

No. 

Bagged 
or Open 

Pollen 

\’'ariety 

Blos- 

som 

Spurs 

soming Spurs 
with Fruit 
Sept. 


1 

Bag 

Early 

McIntosh 

60 

17 

9 

15 


2 

Bag 

Milton 

53 

7 

1 

2 

Orchard 1 . . 

3 

Bag 

Kendall 

65 

20 

12 

18 

Tree 1 . . . 

4 

Bag 

Ddicions 

80 

25 

21 

26 


5 

Bag 

Lobo 

105 

43 

21 

20 


IB 

Open 

Unknown 

44 

5 

3 

17 


2B 

Open 

Unknown 

55 

S 

8 

15 


11 

Bag 

Early 

McIntosh 

72 

11 

3 

4 


12 

Bag 

Milton 

76 

25 

6 

8 

Tree2. .. 

13 

Bag 

Kendall 

106 

18 

13 

12 


14 

Bag 

Delicious 

107 

36 

5 

5 


15 

Bag 

Lobo 

77 

28 

18 

23 


1C 

Open 

Unknown 

49 

6 

0 

0 


2C 

Open 

Unknown 

91 

8 

3 

3 


16 

Bag 

Early 

McIntosh 

149 

78 

11 

7 


17 

Bag 

Milton 

107 

43 

14 

13 

Tree 3 . . . 

18 

Bag 

Kendall 

71 

IS 

11 

15 


19 

Bag 

Delicious 

125 

34 

21 

17 


20 

Bag 

Macoun 

163 

23 

11 

7 


ID 

Open 

Unknown 

97 

10 

5 

5 


2D 

Open 

Unknown 

40 

5 

1 

3 


21 

Bag 

Early 

McIntosh 

99 

65 

25 

25 


22 

Bag 

Milton 

150 

55 

33 

22 


23 

Bag 

Kendall 

1 91 

37 

26 

29 

Tree 4. . . 

24 I 

Bag 

Delicious 

100 

59 

45 

45 


25 

Bag 

Macoun 

105 

31 

27 

26 


IF 

Open 

Unknown 

55 

1 

1 

2 


2P 

Open 

Unknown 

95 

38 

20 

21 


1 

Bag 

Macoun 

41 

30 

11 

27 


2 

Bag 

Lobo 

41 

35 

10 

24 

Orchard 2. . 

3 

Bag 

Medina 

57 

46 

27 

47 

Tree 1 . . . 

4 

Bag 

Delicious 

60 

38 

23 

38 


lA 

Open 

Unknown 

59 

50 

19 

32 


2A 

Open 

Unknown 

108 

43 

18 

17 


5 

Bag 

Macoun 

96 

56 

10 

10 


- 6 

Bag 

Lobo 

47 

33 

9 

19 

Tree2... 

7 

Bag 

Medina 

52 

35 

4 

8 


8 

Bag 

Delicious 

65 

39 

17 

26 


IB 

Open 

Unknown 

42 

25 

14 

33 


2B 

Open 

Unknown 

55 

25 

7 

13 


Fameuse, Tolman, Delicious, and Cortland pollens have all pro- 
duced satisfactory yields, averaging more than double that of natur- 
ally pollinated check branches and seven to nine times that of self- 
pollinated branches, It is doubtful if the differences among these four 
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varieties are significant, as judged by the 3-year record. It is probable 
that such differences as existed the first year i 1 ) have been largely 
offset by increased tendency toward alternation on the part of 
branches receiving the most potent pollens. 

Further evidence of the relative value of pollen of these standard 
varieties was sought through seed counts. The average number of 
seeds per McIntosh fruit in 1931 according to pollen parent was as 
follows: Tolman (22 fruits), 8; Delicious (49 fruits), 7.5: Fameuse 
(54 fruits), 6.0; Cortland (19 fruits), 5.3. This order of the pollen 
varieties is the same as results from arranging them according to 
yield of unit branches in the studies of 1929 and 1930 ( 1. 2), 

Table II shows the yield of McIntosh unit branches pollinated with 
some of the newer pollen varieties in 1931, Some low tempera- 
ture injury to the buds and opening blossoms in the orchards where 
this work was carried on probably accounts in large measure for the 
irregularity in results. Since Delicious pollen was known to be among 
the best, it was used as the criterion. The variation in yield is about 
as great in branches pollinated with Delicious as in those pollinated 
with the other varieties. The average number of seeds per McIntosh 
fruit pollinated by Medina (20 fruits) was, 8.7 ; by Lobo (17 fruits), 
6.4; by Macoun (18 fruits), 5.2; by Delicious (23 fruits), 8.3. The 
data suggest that Early McIntosh, Milton, Kendall, Lobo, Macoun, 
and Medina all offer some promise as McIntosh pollenizers. Fur- 
ther studies of the effectiveness of these pollens, and of the blossom- 
ing dates of the varieties are needed. 

Open Pollination in a Solid McIntosh Block 

The data about to be presented carry forward for one year, the 
results previously published (1,2). Table III shows the yield of 13 
McIntosh unit branches hand-pollinated three successive seasons and 
of 13 adjacent naturally pollinated branches. Both pollinated and 
check branches w^ere exposed to natural agencies through the blos- 
soming period. The work was done in a 16-acre solid McIntosh 
block which is a part of a 90-acre orchard in which 95 per cent of 
the trees are McIntosh. Each year, bees w^ere scattered through the 
orchard in groups of four to eight colonies at a location, at the rate 
of one per acre. In 1929, there was about one pollen bouquet per 
acre ; in 1930, two per acre, and in 1931, three per acre. Each bouquet 
consisted of as many blossoming branches averaging 1 inch in 
diameter at the butt as could be forced into a lime-sulfur drum out of 
which the head had been chopped. Each drum containing a bouquet 
rested on an empty lime-sulfur drum on the southwest side of a tree 
and directly against it. In 1929 and 1930 the bouquets consisted of 
branches of different varieties, mostly wild. In 1931, Fameuse, 
branches were used almost entirely. Weather was extremely favor- 
able for flight of bees in 1929, onl3’' moderately so in 1930, and dis- 
tinctly unfavorable in 1931. 
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Per cent All- 
Spurs with 
Fruit 1929-1931 
Incl. 

iHCO 

W iH 

cccc 

(N 

occ 

(N rH 

i-( X 
(N 

tex 

Cd rH 

xw 

N 

Xt-h 

XtH 

21 

13 

17 

7 

21 

10 

XO 

NrH 

XH 
rH H 

NCO 

rH rH 

NH 

NH 

Per cent Blos- 
som Spurs with 
Fruit 1929-1931 
Incl. 

Oco 

t> tH 

cc ^ 

ss 

Tti X 
XrH 

05 CO 
rH 

XC5 

X 

XCO 

iCrH 

OX 

XtH 

N05 

N 


CON 

XH 

XN 

NH 


XCO 

XH 

No. Spurs Maturing Fruit 

Sum of 

3 Years 

L-SOl 

Tfi r-t 

NCiO 

OCO 

l©T-f 

CON 

IC rH 

N05 

COrH 

coic 

XN 

OX 

XrH 

-^05 

tCiH 

00 

CON 

05 1C 
XH 

CON 

XX 

II 

1931 


12 

1 

ic ic 

(N 

tH tH 

05 rH 

X 

XtO 

11 

4 


N 1C 
N 

NN 

IC-^ 

1 1 

1930 

etc 

CJTtH 

♦HtC 


NrH 

N 

Tj<X 

rH 

11 

11 

9 

12 

kOX 

05X 

iH 

NCO 

CO 

N'^ 

H 

1 1 

1929 


Cfirii 

CNiH 

H X 

ec 

^05 

X 

XN 

X 

tJ<c0 

N 

Nrii 

rH 

19 

8 

'ij^O 

iH 

CON 

N 

CD 05 
X 

XN 

N 

T}^05 

NH 

1 1 

No. Spurs Blossoming 

Sum of 

3 Years 

138 

117 

119 

169 

131 

142 

175 

120 

115 

266 

150 

114 

118 

117 

120 

140 

111 

137 

135 

111 

168 

118 

173 

90 

113 

132 

II 

1931 

cco 

t^oc 

OIC 

coco 

C5 05 
05 CO 

42 

131 

NX 

co»c 

NX 

CO’^ 

XX 

rjHxiti 

XN 

COCO 

XX 

1 C to 

rH CD 

xtc 

CO 05 
05X 

050 

^co 

1 1 

1930 

OOi 

1> tH 
Wto 

'coos 

cOTi< 

wx 

tH rH 

NtC 

rHCO 

rH rH 

NN 

X05 

rHN 

lOX 

NX 

NCO 

N 

05N 

NN 

?S2 

XX 

rH 

rHHti 

HTtI 

1 1 

1929 

ICQC 

l>tc 

ICO 

(NX 

OIC 

TfiX 

COX 

rHO 

CON 

gi 

ss 

SS 

tHt}^ 

TtlTtl 

XrH 

tex 

TjHX 

CD-^ 

05X 

COX 

S§ 

1 1 

I Total No. Spurs 

Sum of 

3 Years 

257 

208 

191 

226 

261 

222 

284 

200 

227 

335 

250 

203 

991 

981 

169 

191 

181 

189 

261 

195 

262 

210 

294 

137 

213 

226 

li 

1931 

95 

82 

NO 

NC5 

103 

76 

X05 

94 

166 

101 

80 

gg 

05X 

COCO 

ON 

NN 

106 

77 

126 

93 

112 

51 

ON 

05X 

1 1 

1930 

CO 00 

oc«o 

OON 

tCN 

iH N 
XtO 

ss 

rHCO 
CO 05 

^3§ 

S5i! 


XCO 

cote 

05X 

NIC 

tH X 
COCO 

gS5 

ss 

1 1 

1929 

05 CO 
NCD 

0 05 
lOlO 

NN 

-sH(N 

N>C 

NX 

NX 

nS 


feS 


COIC 

NCD 

N-^ 

NtC 

NN 

05HiH 

lOHjH 

CON 

i 1 

Pol. 

or 

Check 

PhO 

PiO 

P. 

Ck. 

,ri4 

PiO 

PiO 

P. 

Ck. 

.,2 

PiO 

.4 

PiO 



p. 

Ck. 
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Table III shows that the 3-year yield of the hand pollinated 
branches is about double that of the naturally pollinated branches. 
The 3-year yield of the hand pollinated branch is greater than that 
of the corresponding check branch in all 13 cases. As would be ex- 
pected, the check ]:)ranches showed less tendency toward alternation 
in blossoming and fruiting than did the hand’pol^i^ated branches. 
The check branches developed a larger number of lolossoms during 
the 3-year period. How closely the actual number of blossoming 
spurs approached the maximum possible number was judged by divid- 
ing the total number of blossoming spurs during the 3-year period b}' 
the total number of spurs. It was found that on the pollinated 
branches there were 58 per cent of the maximum possible number 
of blossoming spurs, and on the check branches, 65 per cent. 

In 1931, seed counts on lots of six or more fruits were made for 
five hand-pollinated branches and for the five corresponding check 
branches. The average numbers of seeds per apple in the five pairs, 
with the hand-pollinated branch stated first were, respectively, 5.6 
and 3.4, 5.8 and 4.1, 6.6 and 3.7, 6.5 and 3.9, 5.0 and 3.0. These seed 
counts are roughly parallel to the data on yield of the hand-pollinated 
and check branches. 

Effect of Pollen Bouquets 

Table IV shows the strikingly local effect of pollen bouquets in the 
cool, rain}' blossom period of 1931 in the 16-acre solid McIntosh 
block. For each of six bouquets, a criterion branch (No. 1) was 
chosen adjacent to the bouquet, another (No. 2) on the opposite side 
of the same tree, and a third (No. 3) on the near side of an adjacent 
tree, still further from the bouquet. In all six cases, branch No. 1 has 
much the heaviest set in June. The average per cent of blossoming 
spurs with fruit in June for branch No. 1 is 57 : for branch No. 2, 9; 
and for branch No. 3, 18. The relatively heavier set for branch No. 1 
persisted to harvest in four of the six cases. The average per cent 
blossoming spurs with fruit in September is 23 for branch No. 1, 4 
for branch No. 2, and 7 for branch No. 3. As a further means of 
studying the effect of pollen bouquets, the number of seeds per apple 
on branch No. 1 and branch No. 3 was determined for each of six 
bouquets. With a single exception, they were not the bouquets listed 
in Table IV. Each figure is an average of counts on 10 fruits. The 
average numbers of seeds per fruit for branch No. 1 and the corre- 
sponding branch No. 3 are, respectively: 10.5 and 4.0, 8.7 and 3.8, 
10.1 and 3.6, 9.1 and 3.8, 10.5 and 2.4, S,6 and 2.6, 8.6 and 2.6. The 
yield of this block of trees was light except on the side of a tree ad- 
jacent to a bouquet. 

This situation in a year of cool, rainy blooming weather is in 
marked contrast to the situation in 1930 when weather during bloom 
was more favorable. In that year the yield throughout the block 
where two bouquets per acre were used, was fairly good, the yield of 
branch No. 1 being about the same as that of branch No, 2 and branch 
No. 3. 
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TABLE IV — Set of Fruit as Affected by Distance from Pollen Bouquets 
IN A 16-acre Solid McIntosh Block During a Cool, Rainy Blossom 
Period, 1931 


Bou- 
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No. 

Branch 

No. 

Total 

No. 
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! 

No. 
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Spurs 

No. 
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No. 
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No. 
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I 
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90 

123 

71 

48 

38 


2 
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5 
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6 
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4 


3 
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2 

2 

4 

3 

6 

II 

1 

144 
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68 

87 

62 

36 

33 


2 

51 

41 

2 

2 

5 

2 

5 


3 

96 
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16 

19 

19 

4 

5 

III 

1 

87 

69 

38 



15 

22 


2 

211 
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9 



6 

4 


3 

67 

48 

6 


33 

2 

4 

IV 
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131 

111 

59 

63 

53 

7 

6 


2 

89 

77 

14 

14 

18 


0 


3 
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87 

13 

13 

15 

6 

7 

V 

1 

64 

mm 

27 

36 

45 

12 



2 
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88 

12 

17 

14 

6 

7 


3 
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mm 


11 

10 

7 

7 

VI 

1 

64 

61 

33 

40 

54 

10 

16 


2 

87 

71 


6 

8 

4 

6 


3 

97 

66 

1 19 

19 

29 


15 


iln eacE case, branch. No. 1 is adjacent to the bouquet, branch No. 2 on the opposite side of 
same tree and branch No. 3, beyond branch No. 2, on the near side of the next tree. 


Conclusions 

Hand pollination of the same McIntosh branch units for three suc- 
cessive years with Fameuse, Tolman, Delicious, and Cortland, respec- 
tively, resulted in satisfactory yields in all cases. Results in 1931 suggest 
that Early McIntosh, Milton, Kendall, Lobo and Macoun ofiFer some 
promise as McIntosh pollenizers. In a solid McIntosh block, hand 
pollination of the same unit branches for three successive years re- 
sulted in doubling the yield. Data are presented illustrating the strik- 
ingly local effects of bouquets during a cool rainy blossoming period. 
Seed counts supplement all yield records. 
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A Device to Facilitate Pollen Distribution by Bees 

By A. B. Burrell, Cornell University, Ithaca, N. Y., and 
Geo. E. King, Chasy, N. Y, 

'pHE chief disadvantage of hand pollination in commercial orchard 
practice is the immense amount of labor involved both in gather- 
ing and in applying the pollen. Perhaps in some cases, the bee pollen- 
coater herein described or some modification of it, will make possible 
more economical pollen distribution. Its purpose is to send the bees 
from the hive laden with pollen. The method is to force the bees to 
walk through a quantity of pollen upon entering and leaving the hive. 



Fig. 1. Bee pollen-coater in working position. 

(Glass plate, not shovrn is laid on top to form roof of tunnel.) 

The bee pollen-coater is a modification of what is known to bee- 
keepers as a winter hive entrance block. The latter is essentially a 
diagonal horizontal tunnel about 6 inches long, 3 inches wide and 
inch high, attached to the front of the hive. Its ordinary use is to 
permit free passage of the bees in and out of the hive at will, but at 
the same time, to check air currents that would chill the colony. 

For the present purpose, the roof of the tunnel is removed. Two 
wooden strips each j4-inch high are nailed across the floor of the 
tunnel, thus forming an enclosure to contain the pollen. A glass 
plate is substituted for the original roof of the tunnel so that one may 
observe the bees and determine readily when the pollen supply needs 
replenishment. A piece of wood is laid on the glass plate in sunny 
weather to prevent excessive heating of the pollen. The bee pollen- 
coater in working position is shown in Fig. 1. 

About 15 of these bee pollen-coaters were in operation in the plant- 
ings of Chazy Orchards, Inc., during the blooming period of 1931. 
The only measure of their eflEectiveness, however, was the prelimi- 
nary experiment about to be described. 
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Two comparable Alclntosh trees just attaining good vigor after 
years of neglect and each having a spread of about 12 feet were 
caged with cheesecloth. Such blossoms as were open (about SO per 
cent) were removed. Into one cage was introduced a hive of bees 
with no outside pollen supply. Into the other was introduced a hive 
of bees equipped with a loaded bee pollen-coater. The pollen was ob- 
tained from wild apple trees, the anthers being collected at the “bal- 
loon’' stage of the blossoms and dried in a warm room on open plates. 
Germination tests showed the viability of this pollen to be of a low or- 
der. The dried anthers, covered with pollen, were placed in the pollen 
reservoir and the supply replenished. ’when necessary on two subse- 
quent days. 

On the afternoon when this test was started, the weather was warm 
and sunny. The bees caged with the check tree were active in the 
blossoms. However, the colony chosen to test the new device proved 
so weak that few bees ventured from the hive. A more vigorous 
colony was substituted the next day, but the weather for the re- 
mainder of the season was so cool and windy, that flight of bees was 
very scanty. 

The activity of the bees was observed. A majority of them walked 
over or through the anthers in the pollen reservoir paying little atten- 
tion to them except as obstacles in their path. Some, however, carried 
anthers out of the reservoir depositing them on the ground. Others 
carried them into the hive. The reservoir contained about 20 cubic 
centimeters of dried anthers in a loose condition. It required refilling 
about every 20 minutes during active bee flight of a populous colony. 

Even with adequate distribution of good pollen the ability of the 
trees in this block to set was of a low order, as indicated by hand pol- 
lination of branch units with viable pollen of good varieties such as 
Delicious. Notwithstanding these unfavorable factors, the results 
suggest that the method may have possibilities. The yield of the treated 
tree was 42 pounds of fruit against 7 pounds for the check tree, A 
majority of the fruits from the treated tree had 3 or more seeds, 
while a majority of those from the check tree had only 1. 

Before such a device could merit acceptance as a practical ai>- 
pliance for use in commercial orchards, proof would be necessary 
that it was effective in bringing about pollen distribution, and that it 
was economical in use of pollen. Obriously, it would be useful only 
when weather conditions are conducive to flight of bees. However, 
pollen could be collected in the usual way, and either applied by hand 
or supplied to bees by means of the bee pollen-coater, according to 
the weather. 



Further Observations on Factors Affecting Fruit Setting 
of the McIntosh Apple in New Hampshire 

By L. P. Latimer, University of New Hampshire, Durham, N. H. 

JN 1931 pollination experiments were carried on essentially the 

same as reported in a previous paper (1). In that paper results 
are presented dealing with the efficiency of several standard com- 
mercial varieties as pollenizers of McIntosh for three seasons with 
consistency in the values obtained. At present one of the leading 
questions of growers in New Hampshire is the efficiency of newer 
varieties as pollenizers, because of the desire to try out some of the 
new McIntosh-like sorts. It was therefore considered that some 
value to growers might be derived from using some of the newly 
originated varieties as pollenizers for McIntosh. With this point of 
view in mind the writer ceased testing as pollenizers varieties which 
had shown themselves to be consistently good pollenizers, and also 
varieties which had proven less desirable from a standpoint of com- 
mercial value. 

In order to increase the amount of data to be obtained and to com- 
pare effects in differently located sections, a McIntosh tree was 
caged in cheese cloth in a southern New Hampshire orchard where 
normally trees of a given variety come into bloom from 4 to 7 days 
earlier than at Durham. At Durham two McIntosh trees, 12 years 
old, were enclosed in cheese cloth cages. Two young Cortland trees 
were also caged and reciprocal crosses made. McIntosh pollens were 
also used. 

Weather conditions were unusually favorable for fruit setting in 
1931. Bright sunshine and high temperature prevailed with little rain 
during the period of full bloom. The least favorable feature was the 
rapidity with which the trees came into full bloom and the shortness 
of the period when stigmas were receptive. 

Pollen was applied this season only to lateral flowers in the cluster, 
all terminals being removed. Another feature which differed from 
previous experiments and which it was thought would give more 
uniform results was the pollination of four flowers in every cluster 
used. This procedure was adopted on the basis of results presented 
previously (1) which show that three or more flowers are generally 
necessary' per spur to obtain a maximum set of fruit. Although the 
data referred to (1) shows that the same is true when three flowers 
are pollinated, four receptive flowers were used as a factor of safety. 

Counts of set were made after the June drop. The June drop was 
light during 1931. This may have been due to the fact that there 
was an unusually large amount of rainy weather during the early 
growing period. 

A second or late drop, unusual in New Hampshire, occurred in 
August (about a month after the June drop). The amount of fruit 
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TABLE I — Set of Fruit Obtained in Hand-pollination Tests on Caged McIntosh Trees in New Hampshire with Various 

Varieties as Pollenizers, 1931 
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dropping at that time seemed to depend a good deal on the individual 
tree, some trees showing a rather heav}’ drop. Trees that were hand 
pollinated dropped much less fruit than trees left to the work of bees 
and other insects. The drop on hand pollinated trees was less than a 
dozen fruits on the average. This was from 1 to 5 per cent as much 
as the drop recorded on other trees. This may have been partly due 
to the slightly greater total crop on open pollinated trees. A more 
probable explanation, however, is the fact that hand pollinated flow- 
ers were more thoroughly pollinated and with better or more effective 
pollen than might have been the case with open orchard trees. It was 
a notable fact that on some branches of the McIntosh trees fruit set 
so thickly that apples touched one another all along the branch, yet 
good size was obtained and no drop occurred. An amazingly small 
ratio between number of leaves and fruits must have occurred on 
such branches. This may have been compensated for by check 
branches which were nearly devoid of fruit. 

Table I represents the set of fruit obtained on the three different 
McIntosh trees, with the total number of flowers and spurs pollinated. 
The consistency of the results obtained should be noted. Tree A, 
as judged by the type of growth was the most vigorous used in the 
experiment. The weakest was tree C located at Atkinson. The loca- 
tion of this tree in a hollow with poor air drainage and in an early 
blooming section was not in its favor. The blossom buds had appar- 
ently suffered very slightly from frost. This was judged from the 
weak manner in which the flower buds opened and from the fact 
that individual flowers often remained stuck together even after 
attaining their full size. This slight injury probably accounts in part 
for the poorer set on this tree. 

In spite of the effect of climatic factors and variations in orchard 
soil management, the results with different pollenizers appear to be 
consistent. As usual the variety Delicious was outstanding in caus- 
ing a high set of fruit on McIntosh. Gravenstein was again shown 
to be a very poor pollenizer for McIntosh. Red Gravenstein behaves 
similarly, the average set for the three McIntosh trees being 6.3 per 
cent of all the blossom spurs when Gravenstein pollen was used, 
and 5.1 per cent when Red Gravenstein was used as pollenizer. The 
percentage of blossom spurs setting fruit when the McIntosh was 
hand self -pollinated was only 4.8 per cent on tree B. No fruit set 
with self-pollination on the other two trees. Check spurs showed a 
slight set on trees A and B, but no set on tree C. It is doubtful if 
even self-pollination had a great effect on the development of the 
one fruit that set on check spurs since this fruit was rather large, 
somewhat irregular in shape, and possessed a large open core in 
which not a vestige of shrivelled seeds or ovules could be detected 
although one plump seed had developed in the fruit. This phenome- 
non occurred in some of the check fruits in previous years. This 
was different from the case of fruits setting after the application of 
Gravenstein pollen. In such cases the development of the fruit was 
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considerably diminished and shrivelled seed and ovules could be de- 
tected. Also core development was diminished. It seems possible 
that parthenocarpy has played a part in the development of the check 
fruits. 

It is interesting to note that with less vigorous trees, there is a 
greater diference in relative effectiveness between the better pollen- 
izers. On the most vigorous tree (A) there is little or no difference be- 
tween the set of fruit when the several different good pollenizers are 
used. The differences become rather apparent on the weakest tree 
(C). Such data as this and previous results (T) strengthen the 
opinion that more importance should be attached to the choice of 
varieties to be used as pollenizers, especially when the vigor of the 
trees in an orchard is below average. In this respect one should be 
careful not to draw upon such varieties as Gravenstein and Red 
Gravenstein, which are outstandingly poor pollenizers even for flow- 
ers on vigorous McIntosh trees. In choosing pollenizers, too, one 
must still be influenced by other factors than set of fruit as deter- 
mined by hand pollination. Since these other factors are so well 
known to workers in the field of pomology there is no need to discuss 
that phase here. 

Provided other conditions are favorable, data from Table I indi- 
cates that with the less vigorous McIntosh tree, Delicious and apples 
of the Delicious type head the list of efficient pollenizers. Thus, in 
the case of trees B and C, Medina and Orleans, which originated as 
a cross between Deacon Jones and Delicious, and Delicious itself, 
head the list. The good qualities of Delicious pollen seem to be car- 
ried on to its descendants. 

Table I also presents a comparison of Famuese and of some de- 
scendants of McIntosh with one another as to their suitability as pol- 
lenizers for McIntosh. Milton, Cortland, Ldbo, Melba, and Fanieuse 
rank about the same as pollenizers for the McIntosh, giving a satis- 
factory set in ever}' case, yet not differing marked!}' from one an- 
other in efficiency. Wagener, during the past season, liehaved in a 
similar fashion to these McIntosh-like varieties. 

Other workers in the field of apple pollination have occasionally 
expressed fear that an orchard might become over-pollinated by the 
introduction of exceptionally good pollenizers. Aside from the fact 
that to overcome such a difficulty, the sparse setting of such pol- 
lenizers may be practical, a glance at Table I will tell that even very 
good pollenizers may not be more than just effective where the trees 
are not in possession of great vigor. Thus the average value of the 
McIntosh-type varieties of pollenizers is 81 per cent in the case of 
vigorous tree A and 31 per cent in the case of tree C, yet tree C 
produced a paying, though moderate, crop. In the orchard where 
trees A and B were located, 55 per cent of the blossoming spurs of all 
the McIntosh trees retained fruit after the June drop. Fifty-five per 
cent of all the spurs in this orchard were blossom spurs. The result 
was a moderately heavy crop of fruit. In the orchard where tree C 
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was located, 61 per cent of all the spurs on McIntosh trees produced 
bloom while 22 per cent of those that bloomed produced fruit. In this 
orchard the crop was just sufficient to pay for itself. These two 
orchards were well supplied with pollenizers. 

In another orchard of trees of approximately the same age as 
those in the Atkinson orchard, but which consisted only of McIntosh, 
Gravenstein, and Baldwin, 32 per cent of the blossoming spurs of the 
McIntosh trees set fruit while 29 per cent of the total spurs on the 
trees were blossom spurs. The crop produced under such conditions 
was about 70 per cent that produced in the Atkinson orchard. In a 
nearby orchard pollenizers were located and from a comparison with 
the results in that orchard it is felt that the bees must have flown 
between the two orchards. 

As in previous years ( 1 ) there was noted a difference in the ability 
of different pollens to cause seeds to develop in McIntosh fruit. De- 
licious headed the list, causing the development of an average of 9.5 
seeds per apple on tree A and 8.7 on tree B. Melba, Medina, and 
Wagener were close competitors with Delicious, producing 9.5, 9.4, 
and 9.3 seeds per apple respectively in the case of tree A, and 8.6, 8.4, 
and 8.4 seeds respectively in the case of tree B. Extremely low num- 
bers of seeds were developed in McIntosh apples pollenized by Mc- 
Intosh, Gravenstein, and Red Gravenstein, namely, 3.6, 2.6, and 2.3 
seeds respective!}’ per apple. 

From 40 to 75 per cent of the apples in these latter cases w’ere lop- 
sided, while with the rest of the pollenizers listed in Table I only 
from 2.6 to 14.6 per cent of the fruit was lop-sided. 

Although one seed less was developed on the average in apples on 
the weaker tree B, the relative efficiency of pollenizers in causing seed 
development keeps the same order in both tree A and tree B. There 
was also a slightly lower percentage of lop-sided fruit in most cases 
of high seed content on tree A than on tree B. If increased number 
of seeds should insure increased set and improved form and appear- 
ance, the better pollenizers should be chosen. 

The data presented in Table I indicate that more attention should 
be directed toward expressing fruit set on the basis of spurs rather 
than individual flowers. From a practical point of view one can judge 
the potential crop better when data is presented in the former way. 
The high set indicated by noting the percentage of flowers setting 
fruit is misleading where a large percentage of the spurs produce 
two or more fruits. In this case some of the fruit would be thinned, 
leaving generally only one fruit to a spur at most. Therefore, the 
flower-set count would greatly over-estimate the potential commercial 
crop. For example, the trees C, in the Atkinson orchard produced 
rarely more than one apple per spur : hence, as Table I shows, the per 
cent set of spurs in the same orchard was nearh’ four times that of 
individual blossoms set. On the other hand, on tree B the percentage 
of spurs setting fruit was generally 2j4 to 3 times the percentage set 
of blossoms because many spurs set two fruits. On tree A the per- 
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centage of spurs setting fruit was 2 to 2j4 times the percentage of 
flowers setting fruit because of the excessive number of spurs setting 
2 or 3 fruits. Furthermore, the percentage flowers setting fruit 
on tree C was on the average one-fourth the percentage of flowers 
setting fruit on tree A. In the case of spurs, one-third to one-half 
as many spurs set fruit on tree C as on tree A. This spur-set count 
gives a truer picture of the real commercial crop than the flower-set. 
Tree A where the better pollenizers are concerned, would need con- 
siderable thinning to produce fruit of the desired color and quality. 
This wohld bring the total crop of tree A still nearer to that on tree 
C. In presenting pollination data too much emphasis has probably 
already been placed on making conclusions from the figures as they 
stand without considering the orchard operations that still must be 
carried out to make the fruit of more acceptable market value. 
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Apple Breeding: Statistical Analysis of Apple 
Breeding Material^ " 

By S. W. Edgecombe, and H. L. Laxtz, loxi'a State College, 
Ames, Iowa 

JN previous reports to this society (1,5, 7, 8 ) it has been shown 

that varieties differ in their ability to transmit vigor to their 
progeny and that a consideration of vigor is important in fruit breed- 
Ing. 

This investigation'^ has been carried out on 40 crossbred apple 
progenies involving 3,238 seedlings ranging from 8 to 11 years in 
age. Its object was to determine the ability of the various parent 
varieties when crossed with other varieties to transmit desirable vigor 
and grade to their progeny. The grade and vigor measurements were 
obtained as described previously (6). The detailed calculations and 
tests of significance have been reported (3). In this paper these are 
omitted and only the summarized results are given. 

The Hollerith system of punched cards and machine calculation 
(9, 10) was used throughout. The statistical constants calculated 
were: Mean and its probable error; standard deviation; coefficient 
of variability; simple correlations between each of the variables and 
the remaining five variables. From these constants tests of signifi- 
cance were used to evaluate, in a manner similar to that reported 
earlier (1,7,8), the varieties as to their ability to transmit desirable 
vigor to their progenies. No effort has been made to evaluate soil 
heterogeneity. 

Some of the generalizations derived from these studies are: 

( 1 ) Delicious when crossed with Antonovka, Patten 1003, Anisim, 
Northwestern Greening, Patten 1000, and Patten 1011 produces seed- 
lings below average in vigor. Therefore when Delicious is used in 
breeding work a careful selection of the other parent is necessary to 
secure seedlings of desirable vigor. 

(2) Jonathan, likewise, to produce vigorous seedlings should be 
crossed with varieties such as Antonovka and care must be taken to 
avoid crossing it with varieties such as Salome and Delicious which 
evidently do not supplement its factors for desirable vigor. 

(3) Grimes produces progenies of average vigor when crossed with 
Antonovka and Northwestern Greening. Wlien used in combination 

^The data for this study were provided by the Poniologj^ Subsection of Iowa 
State College and represents some 13 years of detailed records covering approxi- 
mately 5,000 crossbred apple seedlings. 

“Journal Paper No. B28 of the Iowa Agricultural Experiment Station. 

“This paper is an extract from a thesis submitted to the faculty of the graduate 
school at Iowa State College, September 1931, in partial fulfilment of the re- 
quirements for the degree of Master of Science. 
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with Nelson Sweet and White Pippin it produces seedlings below 
average in vigor. 

(4) Antonovka, regardless of the other variety used in the cross, 
generally produces seedlings of average or better than average vigor. 
It carries this ability to a greater degree than any of the other varieties 
studied. 

(5) Varieties such as Salome, Nelson Sweet, White Pippin and 
Black Annette, on the other hand, have shown a consistent trend 
toward production of seedlings of low’' average vigor. 

The vigor rating given above was valuable in itself but since in 
some instances trees possessing only average vigor would be more de- 
sirable orchard trees than those of the greatest vigor, it seemed 
that a rating of the apple varieties on the basis of their transmission 
of desirable grade to their progen}^ w^oukl be valuable. The trees in 
each progeny w^ere rated as to grade. The grades (1) very good, 
(2) good, ( 3 ) fair, and (4) poor were used (3). The percentage 
of trees in each progeny falling into the various grades shows some 
striking differences in transmission of desirable factors for grade by 
the various varieties. The grades “very good’' and “good” were com- 
bined and the tentative grade classification of the varieties studied, 
based on their progeny, is as followrs: 

A. Varieties w^hich produced approximately^ 75 to 100 per cent of 
trees grading very good and good, wdien crossed with other varieties : 
Antonovka, Ashton (tentatively), and Oldenburg. 

B. Varieties which produced approximately 50 to 75 per cent of 
trees grading very good and good when crossed with other varieties : 
Delicious, Grimes, King David, Patten 1011 (tentatively) and Ge- 
neva 58 (tentatively). 

C. Varieties which produced approximately 25 to SO per cent of 
trees grading very good and good when crossed with other varieties : 
Northern Spy, Northwestern Greening, Jonathan, Pewaukee and 
Anisim ; Patten 1000, Patten 1003, White Pippin and Black Oxford 
(tentatively) . 

D. Varieties which produced approximately 0 to 25 per cent of 
trees grading very good and good when crossed with other varieties : 
Salome, Black Annette (tentatively) and Nelson Sweet (tentatively). 

Various measurements of vigor taken at different ages of the tree 
have been described ( 3). Simple correlations betw^een each pair of 
these measurements were calculated. Of the 600 correlations cal- 
culated, 562 were highly significant, (P>.01), 24 were significant, 
(.01 ( P. (.05) and 14 were non-significant, (P>.05) according to 
the table V. A., R. A. Fisher (4). Though all the correlations were 
positive they were sufficiently low to indicate that they did not meas- 
ure the same variable they failed to measure the same expression 
of vigor). 

‘Approximately is used because in some crosses one of these varieties may 
have a progeny which will grade more or less very good and good trees than 
the percentage limits would indicate. 
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The correlations between different measurements of vigor were 
statistically different in the various progenies. A summary of the 
correlation relationships revealed the following facts : 

(1) Neither height nor spread is a reliable measure from which 
to predict the opposite character in the same year or at different 
years. 

(2) Height of tree after 2 or 3 years in the orchard is not a safe 
basis from which to predict individual tree height values later on, al- 
though useful for the prediction of average values for large num- 
bers of seedlings. 

(3) Caliper at planting time in the orchard is not a sate basis 
from which to predict individual values for height, spread, volume 
and trunk circumference later on, although useful for the prediction 
of average values. 

Comparison of the various measurements of vigor shows that 
height and spread do not measure the same expression of vigor. 
Trunk circumference appears to be an unreliable measure of vigor 
in crossbred apple seedlings where the seedling trees are of many 
shapes and sizes. From the comparisons made it appears that the 
volume index® to estimate vigor gives a more nearly correct estimate 
of vigor than any of the three measures used. This conclusion is 
based on the following considerations : 

( 1 ) It is derived from both height and spread measurements, and 
thus is not unduly influenced by uncorrelated variations of height 
and spread. 

(2) Many trees grow outward instead of upward and others con- 
versely. Thus a single measurement may not represent the true vigor 
of the tree. 

One of the objections to the volume method is that it fails to 
make allowance for the density of the tree in the space occupied by 
the so-called volume. This objection is quite valid but in seedling 
trees where probably the density of no two trees is the same, it 
appears as if this error would be very difficult to remove. 
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Fruit Breeding: A Method of Recording and 
Analyzing Data^ 

B\' H. L. Lantz, loTm State College, Ames, la. 

’^HEN a fruit breeding program entails extensive crossing of varie- 
ties, and large numbers of seedlings are grown and fruited, 
record-making becomes a problem. A fruit breeding project w’orthy 
of continuity from year to year should be planned so that the records 
are permanent and clearly intelligible to succeeding workers. 

At the Iowa Station, a card system of record-making was used 
until 1924. These records were designed to record definite informa- 
tion as to the growth, health and productiveness of each individual 
seedling tree. The system of note taking employed provided a rather 
intimate study of each tree, but it had the fault of requiring too 
much time in the orchard. Many descriptive adjectives crept into 
the records, such as: ''nearly,"’ "about,” "quite,” "o. k.,” etc. The 
information contained in these annually recorded notes was found 
to be mainly useful as a history of the performance of each tree. 

These records were not well adapted to tabulation of results, and 
were not entirely satisfactory for making progeny studies. Realizing 
the shortcomings of the system, we finally devised what we have 
called a "tabulation” system of record making. The method as de- 
veloped applies not only to the trees, but also the fruits. The system 
has a distinct advantage in the saving of time in both the orchard 
and laboratory. 

In a single operation, it is possible to do what formerly required 
laborious note taking, and an equally laborious tabulation of the same 
notes later on. The tabulation method of record-making meets all the 
requirements for studying progeny performance in cross breeding 
work, and sacrifices but little in so far as keeping the history of each 
individual tree is concerned. 

The great saving of time in taking records and the evident in- 
creased accuracy of the records is sufficient to justify the method. 
In the case of fruit breeding studies we have been concerned with 
progeny performance, and the tabulation method of taking records 
meets nearly all the requirements for satisfactory analysis. 

Further, the records are of such a nature that progenies and indi- 
vidual trees in the progenies will always retain their exact identity. 
In addition, a zinc embossed label is attached to each seedling tree 
planted in the orchard. This label includes a record of the location, 
breeding number and parentage. Such labeling facilitates matters at 
harvest time, and the labels are a constant source of satisfaction 
throughout the process of making records. 

journal Paper No. B27 of the Iowa Agricultural Experiment Station. 
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to location and parentage of eacli tree and progeny in the orchard. 




BLOOM, YIELD and VIGOR RECORD 
Apple Breeding 
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As to the records themselves, the worker must decide with con- 
siderable judgment how, what, and when the data shall be recorded. 
^^^hen the seedling progenies run into the thousands of trees, the 
extent and nature of the records must necessarily be limited by tak- 
ing only essential data unless considerable help is available. 

At Ames and Charles City there are upwards of 10,000 seedling- 
trees in the orchard. Obviously to secure annual records on each 
tree is a large task. The new method entails no note records of an\' 
kind, but rather is a system of scoring, measuring or recording con- 
secutively, certain specific characteristics for each tree. The accom- 
panying record sheets indicate \vhat is meant here. 

Some of the records taken are based on practiced judgments, as, 
for instance, grade of tree. Exact measurements are also used, par- 
ticularly on vigor studies. In either case these records are capable 
of rather critical analysis, and the exact measurements of tree lend 
themselves to strict statistical interpretation. 

Tree measurements are made the first year in the seed bed to secure 
relative readings on the mean heights of the seedlings of each progeny. 
G^nerall}^ the trees stand two seasons in the seed beds and two years 
in the nursery row. At the end of the second year in the nursery the 
trees are again measured to secure a second reading of vigor on 
each progeny. The purpose of such measurements is to get all the 
data possible on initial vigor and to correlate the relative initial 
vigor of the progenies with measured vigor after the trees are in 
the orchard for S to 8 years. 

The first summer that the trees are in their permanent locations in 
the orchard each tree is calipered and graded. Records on growth 
are taken in the late summer or fall. We have found it quite desir- 
able to estimate amounts of growth annually. These estimates are in 
four classes as follows: (1) very good (18 inches or more terminal 
growth) ; (2) good (12 to 18 inches) ; (3) fair. (6 to 12 inches) ; and 
(4) ^or (little or no growth) . These estimates are not difficult to make 
and afford a complete growth history of each tree from the beginning 
to the end of the experiment. When the trees reach fruiting age a 
record of the percentage bloom and percentage crop matured are 
taken in the spring and fall respectively. 

The statistical analysis of the relative vigor of the progenies neces- 
sitates rather careful measurements. We have found it convenient 
to use two men in making measurements, one to hold the measuring 
pole and the other to make and record the readings. 

The trees are measured to the nearest 3-foot interval both as to 
height and spread. Trunk circumferences are measured 1 foot from 
the ground and are recorded to the nearest inch. These measure- 
ments are all recorded in the columns of the accompanying record 
sheets in the order of: (1) height, (2) spread, (3) caliper. These 
measurements do not tell the whole stoi 7 but are capable of strict 
statistical analysis. 
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Such measurements taken after the trees have made 6 to 8 years’ 
growth in the orchard, seem to afford quite reliable estimates of the 
mean relative statistics of the different progenies and make it possible 
to determine those parent varieties and combinations of parents 
which transmit desirable vigor to their progeny. 

That trees of the same general vigor and size ma}* diifer ver}* 
markedly in habit of growth and desirability as orchard trees is also 
recognized. Accordingly we grade the trees into one of four classes, 
as (1) very good, (2) good, (3) fair and (4) poor. These are judg- 
ment grades but nevertheless such a record provides some very re- 
liable and satisfactory data and supplements the statistical interpreta-. 
tions of data very effectively. 

By the use of appropriate symbols in the various vigor columns of 
the record sheets it is possible to combine in a single year’s record 
the essential data as to (1) annual growth, (2) grade of tree, and 
(3) the mesurements of height, spread and caliper. 

Every record worth taking should be given a Date, and all data 
should be recorded with a sharp hard pencil. This comment may seem 
trivial, but we have to emphasize these things over and over again 
to our assistants and it seems worth passing on. Records made with 
a soft pencil smear up badly. Ink smears if the records become wet. 

' A tabular system is also used for recording the characteristics of 
each seedling fruit produced. The external characteristics of size, 
form, color, and skin are classified and likewise the internal charac- 
teristics of color of flesh, firmness, texture, grain, juice, degree of 
acidity or lack of it, quality, season, and the general desirability of 
the fruit. After tree and fruit characters are tabulated, it is a simple 
matter to summate the results and evaluate them. 

In conclusion, it may be said that the tabular method of recording 
tree and fruit characteristics has the advantage of the accuracy ob- 
tained by definitely recording the observed characteristics directly 
from the trees and fruits. This type of record-making is capable of 
expansion and may be devised to study any particular characteristic 
of the tree or fruit. For the sake of accuracy of observation, only one 
characteristic of the tree should be recorded at a time, except where 
measurements of the tree are involved. It is less confusing to study 
and record grade of tree alone than to make observations on shape 
of tree and foliage at the same time. 

The heterozygous nature of fruit breeding materials has been 
pointed out by many writers. Since apple varieties are notoriously 
self-sterile and presumably heterozygous to a greater or less degree 
for all or nearly all characters or characteristics, and are propagated 
asexually, “Mendel’s law does not have here the same value as for 
the breeder of self-fertilized crops” (1). Genetic studies as to the 
mode of inheritance for many characters are difficult if not largely 
unattainable. Therefore, the fruit breeder, as has often been pointed 
out, may well confine a large part of his studies to progeny perform- 
ance to determine the potency of the parent varieties 'as revealed by 
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their progenies. It is in this field that the fruit lireeder is likely to 
secure the largest returns. A critical study of progenies }'ields valu- 
able information as to the relative value of the different parent varie- 
ties which ha\’e been used in the crosses. The value of definite in- 
formation as to the transmission of characteristics by the various 
parent varieties is perfectly obvious. Statistical method, which is de- 
pendent upon well arranged and carefully planned methods of taking 
data, is a most effective tool in analyzing progeny performance, par- 
ticularly in a study of vigor of tree and size, shape, etc. of fruits. 
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The Persistence of Winter Injury in Certain 
Delicious Hybrids^ 

By H. E. XiCHOLS and El. L. La.vtz lozca State Coltcfjc, .-huis. lotea, 

JJURING the last 3 days of Octo])er, 1925, a cold wave swept over 

the North Central States, sending the thermometer at Ames clown to 
— 7 degrees F. on October 30. Official temperatures in Iowa ranged from 
— 15 degrees in the northwestern part of the state to 13 degrees at 
Keokuk. Zero temperatures occurred as far south as southern Iowa 
and northern [Missouri. The minimum temperature for this period 
was — 28 degrees in [Montana, while sub-freezing weather was re- 
ported from every state in the country, with the exception of Florida, 
where the minimum was 37 degrees. 

W eather conditions in Iowa until late (October were favorable for 
plant growth. Young trees were still growing and the more tender 
varieties suffered considerable winter injury as a result of the freeze. 
Trees under 10 years of age of Golden Delicious, Stayman, Jonathan, 
Grimes, and Delicious showed differential amounts of injury, with 
Golden Delicious showing the .most and Delicious the least. Hardy 
varieties as Oldenburg, W'ealthy, Tolman, Fameuse, and Yellow 
Transparent showed very little or no injury. 

Bark splitting at the ground line was noted soon after the fi’eeze. 
The cambium or the outer layers of the xylem on the trunks of many 
young trees showed considerable browning. By spring, however, 
much of this browning had disappeared. During the spring of 1926. 
trunk and crotch injury, killing back of terminals, and black heart 
were noted. 

It is estimated that about 5 per cent of the trees of the affected 
varieties in young orchards throughout Iowa were killed or badly in- 
jured. Thirty per cent were damaged to a greater or less extent 
and 65 per cent were uninjured. Injury to nursery stock was ex- 
tensive on many varieties. 

Although fruit trees in Iowa suffered the most severe damage, 
injury was reported from 10 other North Central states. The area of 
greatest damage extended from southeastern Nebraska northeastward 
through northern [Missouri, Iowa., southern Minnesota, Wisconsin, 
and [Michigan. Slight damage was reported from Hot Springs, South 
Dakota, and portions of Kansas, Illinois, Indiana, and Ohio. 

The geographic area in which injury occurred closely coincided 
with that over which there was a deficiency of —9 degrees or more 
from the normal October temperatures, with the exception of the 
northwestern section of this area which included most of South Da- 
kota, North Dakota and Montana. In this section only hardy varieties 

^Journal Paper B-26 of the Iowa Agricultural Experiment Station. 
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can be grown. The}* were not injured, even though the minimum 
temperature over this area was lower than further south. 

In the orchards at Iowa State College are 1,553 seedling trees 
of knowm parentage with Delicious as one of the parents. These 
Delicious hybrids include 22 crosses using 19 varietal parents. In 14 
of these crosses Delicious is the male parent, in 5, the female parent, 


TABLE I — Persistence .\nd Degree of Injury on Certain Delicious 
Hybrids Caused by the Low Temperatures of October 1925. 
Observations Made in July and August 1930 


Other Parent 

No. Trees 
Observed 

Percentage of Trees Showing Injury 

Injury 

Indexi 

None 

Slight 

Medium 

Bad 

Antonovka 

352 

70.5 

19.0 

6.S 

3.7 

2.677 

Northern Spy 

285 

20.6 

38.1 

26.9 

14.4 

9.437 

Anisim 

242 

74.4 

10.7 

5.8 

9.1 

3.958 

Jonathan 

198 

23.2 

15.7 

20.7 

40.4 

15.388 

Northwest. Greening. 

102 

29.4 

25.5 

20.6 

24.5 

11.096 

Black Annette 

92 

53.3 

18.5 

13.0 

14.2 

6.728 

Pewaukee 

67 

46.3 

20.9 

13.4 

19.4 

6.477 

Patten 1011 

60 

56.7 

23.3 

S.3 

11.7 

5.666 

Patten 1000 

35 

83.3 

8.3 

5,3 1 

2.8 

1.971 

Salome, 

32 

43.7 

31.2 

9.4 

15.7 

7.375 

Patten 1003 

31 

48.4 

22.5 

16.1 

13.0 

6.935 

Total number trees . . . 

1496 

736.0 

324.0 

213.0 

223.0 


Average per cent 


49,2 

21.7 

14.2 

14.9 

7.263 ±.906 


^Injury index was figured from the formula n equaling the number of trees in 

n 

each progeny; and a, number of trees with no injury x 0; b, number of trees with slight injury x 5; 
c, number of trees with medium injurS” x 12; d, number of trees with bad injury x 30. 


and there are 3 reciprocal crosses. These trees are the result of hand 
pollinations made prior to 1919. The seeds were planted in 1918, 
1919, and 1920 and the resultant trees were planted in their present 
locations in 1924 and 1925. Hence all were subjected to the low tem- 
peratures of October 1925. 

Only those progenies that contained 30 or more trees were included 
in this study. These included crosses made with Delicious and the 
following varieties: Antonovka, Northern Spy, Anisim, Jonathan, 
Northwestern, Black Annette, Pewaukee, and Salome, and three 
Patten seedlings that had been selected as parents on account of their 
hardiness. 

In the summer of 1930, very little external signs of injury could 
be observed. Upon removal of branches that had been formed prior 
to 1926, however, various degrees of browning in the 1925 and older 
wood were noted in many branches. 

A preliminary study showed that in any one tree the degree of 
browning was very uniform in all branches. Dorsey ( 1 ) made similar 
observations in a study of winter injury on seedlings of Malinda in 
Minnesota- Consequently, in this study, data were taken from one 
branch (formed prior to 1925) from each tree. 
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The evidences of winter injitr}" showing in these trees ranged from 
a slight discoloration of the wood to black. In some of the most 
severely black-hearted branches, wood rotting organisms were grow- 
ing. For classification purposes the trees were divided into four 
groups, those showing (1) no injury, and those showing ( 2 ) 
slight, (3) medium, and (4) bad browning. 


TABLE II — Relationship of Hardiness of Parent to the Aaiount of 
Injury in Their Progenies from Crosses with Delicious 


] 

Parent Varieties Arranged in Order of Hardiness 

Hybrids 1 
Uninjured 
(Per cent.) 

! 

Hybrids 
Badly In- 
jured 
(Per cent) 

Injury 

Index 

Antonovka 

70.5 

3.7 

2.677 

Anisim 

74.4 

9.1 

3.958 

Black Annette 

53.3 

14.2 

6.728 

Pewankee 

46.3 

19.4 

8.477 

Salome 

43,7 

15.7 

7.375 

Northern Spv 

20.6 

14.4 

9.437 

Northwestern Greenintj 

29.4 

24.5 

11.096 

Jonathan 

23.2 

40.4 

15.388 


The low temperatures of October 1925 caused various degrees 
of damage to 50.8 per cent of the 1,496 Delicious hybrids examined. 
Table I summarizes the results. It will be noted that where Delicious 
was crossed with a hardy variety such as Antonovka or Anisim the 
hybrids showed much less injury than where more tender varieties 
such as Jonathan were used in the cross. Of the 352 Antonovka hy- 
brids, 70.5 per cent, and of the 242 Anisim, 74.4 per cent 
showed no injury, while only ^.6 per cent of the 285 Northern Spy 
and 23.2 per cent of the 198 Jonathan hybrids were uninjured. 

A close relationship existed between the amount of injury found 
in these Delicious hybrids and the commonly accepted hardiness 
rating of the parent varieties. In Table II the named varieties that 
were crossed with Delicious are listed in the commonly accepted 
order of their hardiness, with Antonovka the most hardy and Jona- 
than the least. This table also gives the percentages of the hybrids 
that showed no injury and those showing extensive injury. 

Examination of the data in Table II shows a remarkable correla- 
tion between the hardiness rating of the parent varieties used in the 
crosses and the average progeny performance of the different crosses 
as indicated by the ‘‘injury index” and also by the percentage of 
seedlings in each progeny that showed no injury. These data indi- 
cate that the hardiness of a variety (phenotype) may be a good index 
as to its hereditary makeup with respect to its potency in trans- 
mitting those factors which produce rather definite quotas of hardy 
seedling trees. 

In an endeavor to express in one numerical term, the degree of 
injury found in these hybrids, a summary average figure was used, 
here called the “injury index.” Quisenberry (2) used a similar figure, 
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called by him the '‘hardiness index,” in measuring the amount of 
winter damage sustained by wheat. In computing the “injury index” 
the numerical value of 0 was arbitrarily given to those trees showing 
no injury, 5 to those showing slight injury, 12 to those showing 
medium injury and 30 to those badly injured. The number of trees in 
each line of breeding showing the different degrees of injury were 
multiplied by their respective numerical values and the sum of the 
products was divided by the total number of trees. The formula 
used is stated in the note under Table 1. With a mean injury index of 
all the Delicious hybrids studied of 7.263 ± .906 (Table I) there 
was a range of 13.417 between the most hardy progeny, Patten 1000, 
\vhich had an injury index of 1.971 and the most tender, Jonathan, 
%vhere the injury index was 15,388. The injury index of the progenies 
of the named varieties follows very closely the hardiness rating of the 
parent varieties (Table II). 

After the trees have been exposed to a test winter, the degree of 
browning of the wood is a suitable index with which to measure 
the relative hardiness of apple varieties and their progenies. The 
exact winter hardiness in individual cases is difficult to record with 
mathematical precision. Nevertheless, the observations recorded here 
are the best judgment of the observer. Such judgments are believed 
to provide a means of determining relative hardiness where applied 
to a large number of trees of different varieties or, as in this study, 
to various Delicious progenies. The use of an injury index provides 
an arbitrary means of expressing this relation with one numerical 
figure. 
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The Best Parents in Strawberry Breeding 

By G. L. Slate^ Experiment Station, Geneva, N, Y. 

^HIS paper is an attempt to measure the value of different varieties 
of strawberries as parents in breeding work by comparing the 
percentages of promising seedlings selected from various populations 
for further testing. Twenty-eight varieties were used as parents in 
producing over 13,000 seedlings which first fruited during the years 
1925 to 1931. Fifty-six crosses were made of which three were 
reciprocals. 

The crosses were made in the field, the seed was stratified in sand 
as soon as harvested and planted in the greenhouse the following 
spring. The seedlings were transplanted once in the greenhouse. In 
June they were moved to the field w’here they were grown on the hill 
system and fruited the following year. During the period covered in 
this paper, the same observers made all the selections, going o\*er 
each planting several times during the fruiting season. Selections 
were made rather freely especially among the ^^ery early and very late 
populations, but none were selected that did not seem to be definitely 
superior to standard sorts in certain fruit characters. It was not 
possible to pay much attention to plant characters, although weak- 
lings, unproductive plants, and those with foliage susceptible to leaf- 
spot were eliminated. 

The chief object in making the crosses reported upon in tliis paper 
was the production of improved varieties, especially very early, very 
late, and preserving varieties. 

A brief characterization of those varieties not generally known is 
necessary to explain why certain crosses were made. Clermont, Cul- 
ver, Caledonia, 4096, 4145, 4734, and 5569 were raised from a cross 
between Marshall and Howard and as grown at Geneva excelled their 
parents in most respects. Dutch Evern is a very early and im- 
portant European sort. Schauber is a handsome, tough-skinned 
seedling sent to the Station for trial but not disseminated. Winches- 
ter and Wyona are two of the best very late varieties in the Station 
collections. Howard is, of course, the well known Premier. 

The parents, population, and percentage of seedlings selected for 
further testing are shown in Table I, the crosses being so arranged 
that all the crosses involring a given variety are together. The crosses 
in which a variety is used as a seed parent are listed first, followed by 
the crosses in which the same variety is used as a pollen parent. Im- 
mediately following Howard in the table are the crosses in which 
Howard appeared as a grandparent. 

The summary of Table I shows the percentage selected of the total 
population of all the crosses in which any one variety appears, both 
as the seed and pollen parent. 
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TABLE 1 — Nui^ieer and Percentage of Promising Selections from Various 
Strawberry Crosses 

Number 

Seedlings Percentage 


Parents Grown Selected 

Howard x Beacon 57 26.3 

Howard x Marshall 365 17.8 

Howard x Dutch Evern 925 12.0 

Howard X Early Bird 78 11.5 

Howard x Vanguard 255 10.2 

Howard x Mastodon 282 6.0 

Howard x Self 39 .0 

Marshall x Howard 767 11.2 

Beacon x Howard 417 8.6 

Warfield x Ho^vard 169 .6 

Qennont X Schauber 180 11.1 

Clermont x Wyona 27 .0 

Superb x Clermont 78 12.8 

Mastodon x Clermont 42 .0 

Caledonia x Schauber 95 6.3 

Caledonia X Pearl 226 5.2 

Caledonia X Bliss 235 2.5 

Caledonia x Parson's Beauty 330 1.8 . 

Caledonia X 5569 219 1.3 

Culver X Pearl 238 5.0 

Culver X 5569 228 1,7 

Culver X Bliss 234 .4 

Pearl x Culver 236 4.2 

Schauber x Culver 237 3.8 

Missionary X Culver 226 2.2 

Wyona X Culver 456 .2 

Pearl x 4734 234 6.4 

Wyoto. X 4734 537 4.3 

Missionar3^x4734 229 3,0 

Schauber x 4734 197 2,0 

Schauber x 4096 179 2.2 

Schauber X 4145 190 1.0 

Marshall x Howard 767 11.2 

Marshall x Boquet 308 2.9 

Marshall x Chesapeake 149 2.0 

Marshall X Bliss 416 1.4 

Marshall X Joe 341 1.1 

Marshall x Delicious (of N. Y. ) 228 .8 

Marshall x Beacon 29 .0 

Howard x Marshall 365 17.8 

Warfield X Marshall 185 1,6 

Schauber X Marshall 73 1^3 

Winchester x Marshall 100 .0 

Mastodon x Marshall 19 'o 
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Number 

Seedlings Percentage 

Parents Grown Selected 

Beacon x Howard 417 8.6 

Beacon x Vanguard 244 6.1 

Beacon x Early Bird 237 1.7 

Beacon x Ozark 229 .8 

Howard x Beacon 57 26.3 

Mastodon x Beacon 380 .5 

Warfield x Beacon 122 .0 

jMarshall x Beacon 29 .0 

Pearl X 4734 234 6.4 

Pearl x Culver 236 4.2 

Pearl x Bliss 240 2.5 

Caledonia x Pearl 226 5.2 

Culver X Pearl 238 5.0 

Wyonax4734 537 4.3 

Wyona x Bliss 524 .2 

Wyona x Culver 456 .2 

Clermont x Wyona 27 .0 

Warfield x Delicious (of N. Y. ) 219 2.8 

Warfield x Joe ^ 132 2.2 

Warfield X Boquet 154 1.9 

Warfield X Bliss 282 1.7 

Warfield x Marshall 185 1.6 

Warfield x Howard 169 .6 

Warfield x Chesapeake 194 .5 

Warfield x Beacon 122 .0 

Pearl x Bliss 240 2.5 

Caledonia x Bliss 235 2,5 

Warfield X Bliss 282 “1.7 

Marshall x Bliss 416 1.4 

Culver x Bliss 234 .4 

W 3 ''ona x Bliss 524 .2 

Schauber x Culver 237 3.8 

Schauber X 4096 179 2.2 

Schauber x 4734 197 2.0 

Schauber x Marshall 73 1.3 

Schauber X 4145 190 1.0 

Clermont X Schauber ISO 11.1 

Caledonia x Schauber 95 6.3 

Missionary X 4734 229 3.0 

Missionary x Culver 226 2.2 

Howard x Vanguard 255 10.2 

Beacon X Vanguard 244 6.1 

Mastodon x Vanguard 69 .0 

Culver X 5569 228 1.7 

Caledonia x 5569 219 1.3 

Early Bird x Ozark 201 3.4 
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Number 

Seedlings Percentage 

Parents Grown Selected 

Howard x Early Bird 78 11.5 

Beacon x Early Bird 237 1.7 

Mastodon x Beacon 380 .5 

Mastodon x \"anguard 69 .0 

Mastodon x Clermont "^-2 .0 

Mastodon x Marshall 19 .0 

Howard x Mastodon 282 6.0 

Early Bird X Ozark 201 3.4 

Beacon x Ozark 229 .8 

Warfield X Delicious 219 2.8 

Marshall x Delicious 228 .8 

Marshall x Boquet 308 2.9 

Warfield x Boquet 154 1.9 

Warfield x Joe 132 2.2 

Marshall x Joe 341 1.1 

Marshall X Chesapeake 149 2.0 

Warfield x Chesapeake 194 .5 

Total 13282 4.58 

Summary 

Howard as one pai’ent 3307 11.0 

Howard as one grandparent 4406 3.9 

Howard as two grandparents 447 1.5 

Clermont as one parent 327 9.1 

Caledonia as one parent 1105 2.9 

Culver as one parent 1855 2.2 

4734 as one parent 1197 3.6 

Marshall* 1848 1.5 

Beacon* 1241 1.8 

Pearl as one parent 1174 4.7 

Wyona as one parent 1544 1.6 

Warfield as one parent 1457 1.5 

Bliss as one parent 1931 1.3 

Schauber* 971 2,6 

Mastodon* 510 .4 


“^Not including crosses in which Howard is the other parent. 

Examination of the table shows that Howard is the outstanding 
parent of the entire list. In every cross involving Howard, except 
that with Warfield, an unusually high proportion of seedlings has 
been selected for further testing. The crosses of Howard with 
Beacon and Marshall have been especially successful, although 
neither of these varieties has given satisfactory results when used in 
other combinations. 
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Though this paper does not deal with the inheritance of characters, 
it may not be amiss to note that the populations in which Howard 
figures as a parent have a large number of seedlings of which the 
fruit is very smooth and regular in shape and \"ery glossy in appear- 
ance. By far the handsomest strawberries the author has ever seen 
have been seedlings of Howard. Many of these seedlings hold up 
in size well to the end of the season, 

Howard is much better as a parent than as a grandparent. Of the 
seven seedlings of Howard used in breeding, namely, Clermont, Cul- 
ver, Caledonia, 4734, 5569, 4096, and 4145, only the first has given 
results approaching those obtained by using Howard. Marshall as 
a parent gave poor results except when combined with Howard. 
Beacon and ilastodon, likewise generally failed as parents, except in 
the combinations with Howard, Beacon also combined well with \^an- 
guard, 6.1 ^Der cent of flie seedlings of this cross being of sufficient 
merit for further trial. 

A few good seedlings resulted from various combinations with 
Pearl, but had these not been very late and of high quality, few^ would 
have been selected. 

Wyona, Warfield, Bliss and Schauber also were of little merit as 
parents. Of these only Warfield was crossed with Howard, but even 
in that combination "Warfield was a failure. Schauber was promising 
only in the cross with Clermont, where 11.1 per cent of the population 
were of sufficient merit for further trial. 

Other varieties of little promise as parents in the combinations 
used were Early Bird, except when crossed with Howard, Ozark, 
Delicious (of N.Y.), Boquet, Joe, Chesapeake, and Winchester. How- 
ever, not enough crosses were made with these varieties for a fair test 
and one may only say that they failed in the combinations used. 
Vanguard combined well with Howard and Beacon, but failed with 
Mastodon. 



Self-Uiifruitfulness in Pruiius Tomentosa 

By G. L. Slate^ Experiment Station, Geneva, N, F. 

JN 1930 a number of crosses between selections of Pritniis tomentosa 
were made. At the same time 11 individuals were selfed to de- 
termine the inheritance of certain fruit and plant characters. Inas- 
much as most of the crosses were successful and all of the seifs ex- 
cept one failed to set fruit, it was decided to repeat the experiment the 
following season to determine more definitely the self -fruitfulness or 
self -unfruitfulness of P. tomentosa. 

TABLE I — Results of Selfing Prunus Tomentosa 


1930 Crop 

• 1931 Crop 

Seedling 

Selfed 

Open 

I Selfed 

Open 

Seedling 

Selfed 

open 

Number 


Pollinated 


Pollinated 

Number 


Pollinated 

338 

0 

Light 

- 


148 

0 

Full 

688 

0 

Light 

0 

Light 

149 

1 fruit 

Full 

689 

0 

Medium 

! 0 

Medium i 

150 

0 

Full 

912 

0 

Medium 

0 

Light 

151 

0 

1 Full 

1,058 

0 

Medium 

1 0 

Light 

153 

0 

Full 

1,072 

0 

Medium 



155 

2 fruits 

Full 

1,156 

0 

Medium 

~ 


156 

0 

Medium 

1,163 

0 

Medium 

0 

Light 

157 ! 

0 

Full 

1,165 

0 

Medium 



158 

0 

Full 

1,172 

i 0 

Light 

0 1 

Light 

159 

0 

Full 

508 

Light 

Light 

Light 

Light 

160 

0 

Full 

507 

- 


Light 

Light 

161 

0 

Full 

506 



Light 

Light 

162 

1 fruit 

Full 

505 



Light 

Light 

398 

0 

Light 






1,077 

0 

Light 





i 

1,171 

0 

Medium 





i 

H. P. 1371 

0 

Medium 


Of the 31 individuals tested in 1931, four were of the '‘yellow- 
foliage” type previously described (1). These were included be- 
cause the only plant to set fruit in 1930 when selfed w>-as of this 
type, and it w-as thought that there might be a possible correlation 
between this plant type and self -fruitfulness. 

Two large bags of parchment paper about 30 by 19 inches and two 
10-pound bags were used on each plant. It was not feasible to count 
the number of flowers in each bag, but since P. tomentosa is very 
floriferous, probably a few thousand flowers on each plant were 
bagged. The crop wdthin the bags was compared with the crop on the 
open-pollinated branches of the plant, the yields being designated by 
the terms light, medium, and full. 

The results as shown in Table I indicate that P. tomentosa, with 
the exception to be noted, is self-unfruitful. The few fruits resulting 
from selfing in 1931 are probably the result of contamination, since 
the pistils occasionally protrude from the buds before anthesis and 
some of these may have been overlooked. 
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It is interesting to note that the four self-fruitful plants, namely, 
Nos. 505, 506, 507, and 508 at the bottom of Table I, which all set 
fruit as well in the bags as on the open-pollinated branches outside 
of the bags, belonged to the type previously described (1) as a '‘yel- 
low foliaged type.” This type is characterized by having foliage of a 
distinct yellowish cast, with the leaves slightly smaller than those of 
the normal t}'pe. The plants are upright, nearly vase-shaped, and 
smaller than the normal type. 

Seedlings raised from No. 508 indicate that this individual, at 
least, is heterozygous for albinism. In 1930, 14S seeds were obtained 
by selling this plant, and of the 64 which germinated, 7 were albinos. 
This proportion indicates that more than one genetic factor ma}' be 
involved in the production of these albinos. 

In order that poor pollen might not be blamed for the failure of 
the plants to set fruit when selfed, germination tests weiyt made on a 
2 per cent agar, 10 per cent sugar medium. In every case excellent 
germination and long pollen tubes were obtained. 
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Chromosome Behavior as a Factor in Berry Breeding 

By S. H. Yarxell, Texas Agricultural Experiment Station, 
College Station, Texas 

JN plant and animal breeding* it is not always possible to find the 

most desirable characters among prospective parents that are 
closely related genetically. The attempt to combine desirable fea- 
tures from groups that are not closely related frequently results in 
high sterility in the first generation offspring. Under certain con- 
ditions this situation may be spontaneously overcome by a doubling 
of the chromosome number to give a relatively fertile hybrid in the 
second generation. 

One of the berry crosses made at the Texas Station illustrates 
the attempt to combine the desirable characters of distinctly related 
groups. The wild dewberry of East Texas and Louisiana, Ruhits 
riihrisetiis, is vigorous, prolific and very resistant to the prolonged 
drought and heat of the summer season. Selected plants were 
crossed in 1912 by thei late Helge Ness (3, 4) with pollen from a 
red raspberry plant of the Brilliant variety, representing an entirely 
different species, R, ideaus var. strigosiis. The parental species in this 
case were diploid, with seven pairs of chromosomes. The 21 first- 
generation plants that reached maturity were almost completely 
sterile. The few seeds obtained produced plants that were similarly 
sterile. The following year seed from open-pollinated flowers were 
again sown, with 280 plants resulting. Five of these 280 second- 
generation plants were very similar in appearance and were fertile. 
Longley and Darrow (2) studied the progeny of one of these plants 
and found 14 instead of 7 pairs of chromosomes. There was slight 
irregularity during the reduction division. It seems quite likely 
that these 5 fertile plants were* sibs, possibly all from seed of the 
same fruit, and that chromosome doubling occurred in only one of 
the 21 plants of the first generation. This assumption is strength- 
ened by the fertility of their progeny. In the third generation there 
were 581 highly fertile plants of which 8 individuals were selected 
for propagation and further breeding. These 8 plants which are 
quite similar in appearance have received the name of Nessberry. 

Subsequent attempts to improve the Nessberry by outcrossing 
have involved both quantitative and qualitative relationships among 
the chromosomes. Since size of berry is dependent upon seed de- 
velopment, which, in turn ordinarily depends upon the fertility re- 
sulting from regular chromosome behavior, it can readily be seen 
that chromosome associations are of the utmost importance in se- 
curing a commercial variety. 

Outcrosses of the Nessberry, with later inbreeding, have been 
as follows: 

No. 1. Nessberry X Hailsham red raspberry (third generation). 
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No. 2. Nessberry X Early Harvest blackberry (fourth genera- 
tion). 

No. 3. Nessberry X Dewberry parent (second generation). 

No. 4. Nessberry X Brighton red raspberiA' ( second generation). 

It will be noted that in each case the tetraploid mother has been 
crossed with a diploid, giving triploid families with 21 -chromo- 
somes, an unbalanced number. These first generations, with the 
exception of a few plants very like the mother were almost com- 
pletely sterile, as might be expected. 

In addition to the sterility due to the triploid condition, there is 
a further cause for sterility of another type in the second cross, 
involving the Early Harvest blackberry, because of the introduc- 
tion of a group of chromosomes from a distinct species, R. laudatiis. 
Both the Brighton and Hailsham varieties are probably closely re- 
lated to the Brilliant red raspberry parent of the Nessberry. In 
two of the crosses there has been considerable opportunity for an 
increase in homozygosis through inbreeding, which means an in- 
crease in chromosome compatibility resulting in increased* fertility. 

Buds from 26 plants of the third generation of the cross Ness- 
berry X Hailsham have been examined cytologically. Two 'have 
been found to be diploid, the remainder tetraploid. The second 
generation plants from which seed was saved have evidently been 
those having either a diploid or tetraploid chromosome balance and 
were therefore relatively fertile. With chromosome balance re- 
established, we still have specific differences among the chromo- 
somes which relate to the degree of fertility. Of the 162 plants 
in this third generation, approximately half are completely fertile, 
while the remainder exhibit various degrees of sterility. 

Both of the diploids in the above population have been classed 
as having reduced fertility. Seven pairs of chromosomes are found 
at diakinesis and first metaphase* Some lagging is found at both 
anaphases. Partial sterility is here evidently due to irregularity 
of chromosome behavior resulting from association of chromatic 
material from diverse species. Since these plants have the diploid 
chromosome number, there is greater opportunity for irregular 
behavior from this cause than in the tetraploid. 

Of the tetraploids examined 16 exhibit complete fertilit}^ 6 show 
a reduction in fertility and 4 have been classed as sterile. Among 
the completely sterile plants, the irregularity varies from a com- 
plete disintegration of the pollen mother cells to almost normal be- 
havior, with 2 plates of 14 chromosomes at the metaphase of the 
second division. The resulting pollen is poorly developed. In the 
partially fertile plants the irregularities are less marked. Fourteen 
pairs of chromosomes are usually in evidence; at diakinesis and at 
the first metaphase. There is often an unequal division of the 
chromosomes at this time resulting in malformation of the pollen 
grains. 

An examination of the pollen mother cells of those plants re- 
corded as completely fertile discloses slight irregularities in cer- 
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tain plants. It would seem that such irregular behavior was not 
of sufficient importance in the egg mother cells to interfere greatly 
with their normal functioning. 

While the second outcross, that with the Early Harvest black- 
berry is now in the fourth generation, with the additional oppor- 
tunity for selection for fertility, there is a smaller percentage of 
competely fertile plants than in the preceding cross. This is un- 
doubtedly due to the fact that the chromosomes introduced by the 
blackberry parent are less closely related to those of the Nessberry 
than the germinal material introduced by the raspberry cross. 
The seven plants examined ct^ologically from this fourth genera- 
tion are all tetraploid. Diploids may, of course, be present that 
have not as yet been discovered. Cytological irregularities are 
similar to those of the preceding cross. 

Sterility of the backcross plants (Nessberry X Dewberry) is 
evidenced by the poor germination of seeds to produce the second 
generation. Only 3 of the 39 plants of this second generation are 
completely fertile. All of the 4 plants examined cytologically are 
diploid. This sterility is likely due to the presence of chromo- 
somes from the original red raspberry source. Since the plants are 
diploid the functional balance is seriously interfered with. The 
situation here is comparable with that of the original cross where 
complete sets of dewberry and raspberry chromosomes were present. 
Fertility in the original cross was secured only through a doubling 
of the entire chromosomal complement to give a double diploid. 
It is evident that in the backcross under consideration fertility is 
possible through a preponderance of chromosomes of the dewberry 
type. The 3 fertile plants are good dewberry types and it is pos- 
sible that the chromosomes are all of dewberry source, neglecting 
the possibility of crossing-over with chromosomes from a rasp- 
berry source during meiosis in the Nessberry. 

Germination of Fi seed of the cross Nessberry X Brighton red 
raspberry was also very poor, only 8 second-generation plants 
having survived to maturity. The single plant examined cytologi- 
cally proved to have the tetraploid chromosome number, which is 
evidently conducive to fertility since 3 of the 8 F 2 plants are com- 
pletely fertile. 

In addition to chromosome doubling and interspecific incompati- 
bilities, the occurrence of maternals is a third factor of importance 
in berry breeding. Evidence from these and other crosses by Pro- 
fessor Ness indicates that the appearance, in crosses, of plants 
precisely like the mother is not uncommon. It is likely that cer- 
tain of the tetraploids exhibiting* complete fertility may be of this 
type. East (1) has shown that in the related genus, Fragaria, ma- 
ternals are produced by the doubling of the haploid chromosome 
set in the egg. If this occurs in material as heterozygous as these 
Rubus hybrids, considerable segregation would still result. 

The crosses under discussion emphasize the necessity of com- 
plete fertility resulting from chromosome compatibility as a pre- 
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requisite to the successful combination of desirable characters from 
diverse sources, in berry breeding. This may be attained by utiliz- 
ing cases of chromosome doubling and the appearance of maternals 
from heterozygous parents and by inbreeding with selection for fer- 
tility as well -as for the combination of morphological characters 
desired. 
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Self and Cross Fertility of Red Raspberry Varieties^ 

By Max B. Hakdy," State College of Washington, PulUnan, Wash. 

^LTHOUGH no seif or cross sterility diliiculties in pollination are 
reported by growers of red raspberries, the poor results obtained 
in 1929 in the red raspl^erry breeding work carried on cooperatively 
between the Agricultural Experiment Station at Pullman, Washing- 
ton, and the Western Wasliington Experiment Station at Puyallup, 
W'ashington, led to the belief that this factor might have played some 
part in reducing the number of seeds set. Definite information was 
not obtained, however, until the raspberry blooming and fruiting 
season of 1931. 

Such factors as pollen viabilit}" and method of hand-pollination are 
known to have considerable influence on the setting of seed. True 
cross and self -sterility enter into the consideration only when these 
two factors are known to have a minimum of influence. The method 
of hand-pollination used has been outlined in another paper (2) and 
need not be considered here again except to make note of the results 
obtained in 1931. In 29 crosses using six varieties, a total of almost 
exactly 800 flowers was pollinated and an estimated number of 42,000 
seeds was set. In determining the percentage of a normal set which 
this number of seeds represents, fruits of each variety except King 
were picked and the average weight per fruit and the average num- 
ber of seeds per gram weight of fruit of each variety were calculated. 
The deviation from the normal for the hand-pollinated fruits was 
then readily calculated since the number of these fruits and their total 
weight were known. On this basis approximately 83.0 per cent of a 
normal set was obtained leaving but 7.0 per cent to be attributed to 
poor technique, lack of viability of pollen, and cross or self-sterility. 

Microscopic examination of the pollen of the six varieties used, 
namely, Cuthbert, King, Marlboro, Antwerp, Latham, and Lloyd 
George, afforded some information regarding pollen viability. In 
addition pollen was examined after it had been allowed to germinate 
in hanging drops of a 10 per cent glucose solution. It is possible that 
the glucose solution did not give the percentage germination of the 
good pollen that might be expected with a sucrose solution, but the 
results are, nevertheless, comparable for the six varieties considered 
here. For these tests the pollen was obtained from flowers blooming 
under paper sacks and brought immediately to the laboratory. Strik- 
ing differences were noted in the type of pollen produced by the dif- 
ferent varieties. These are presented in Table 1. 

It is evident that there is considerable variation in the percentage 
of viable pollen produced by the different varieties. The percentage 

"Published as Scientific Paper No. 197, College of Agriculture and Experi- 
ment Station, State College of Washington. 
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is rather low in most cases, but is adequate to obtain a full set of 
seeds if sufficient pollen is applied during hand-pollination. Tliis 
was assured by applying pollen to each flower for at least 3 days in 
succession while the pistils were receptive. 


TABLE I — Red Raspberry Varietal Pollen Differences in Viability 


Variety 

Per cent 
Normal 
Appearing 

1 Pollen 

Per cent 
Normal 
Pollen 
Germinated^ 

Per cent 
Total 
Pollen 

Germinated ; 

Remarks 

Cuthbert. . . 

10.0 

75.0 

7.5 

Pollen tubes short, slender, and 
slow growing. 

King 

50.0 ^ 

70.0 

35.0 

Pollen tubes long, fairly thick 

Marlboro . . 

65.0 

30.0 

19.5 

Pollen tubes short, slender 

Latham. . . . 

60.0 i 

25.0 

15.0 

Pollen tubes long and slender 

Antwerp . . . 

90.0 

SO.O 

72.0 i 

Pollen tubes fairly long and fairly 
thick 

Lloyd 
George. . . 

95.0 i 

55.0 

52.3 

Pollen tubes variable in length, 
fairly thick 


^Gerniinated in an approximately 10 per cent glucose solution. 


The data showing the effect of the technique of hand-pollination 
on the setting of seeds are presented in Table II. 

It is evident that a fairly large percentage of the fruits set was 
normal. In fact, only 214 out of the 794 fruits set were below nor- 
mal in the estimated number of seeds produced. This, in addition to 
the fact that some sub-normal fruits were produced in nearly all the 
crosses, indicates that poor technique in hand-pollination did affect 
the setting of seeds. Such factors as fault}* emasculation, failure to 
apply sufficient pollen, and failure to apply pollen at the correct time 
would be sufficient to produce the results obtained. 

Although the numbers of fruits produced is too small to permit 
final conclusions, it is probable that the evidence fairly indicates the 
true facts. With this in mind it* is not possible to discover more than 
one cross the results of which might possibly be explained by at least 
partial cross-sterilit}^ This is the cross of Cuthbert x Latham which 
gave 31 sub-normal fruits averaging .72 g. and only 14 normal fruits 
averaging 1.62 g. In the crosses using the King variety as the pistil 
parent similar evidence is apparent but must be discarded because the 
application of pollen after emasculation was delayed longer than 
advisable. 

Seven crosses show a larger number of seeds set following hand 
pollination than the estimated number which would have been set had 
those flowers been open-pollinated. Although the value of Lloyd 
George and Cuthbert as pollenizers is indicated, the differences are 
very small as a whole, and are due probably to the inevitable errors 
of the method of calculation rather than to some other factor. Some 
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other of the values presented in the last two columns in Table II are 
possibly as much below the true relationship between the number of 


TABLE II — Number of Normal and Sub-normal Fruits Produced and 
Approximate Number of Seeds Set by Hand Pollinated Flowers 


Pistil 

Parent 

Pollen 

Parent 

Number 

Fruits 

Set- 

Normal Fruits 

Sub-normal 

Fruits 

Number Seeds 
(Estimated) 

No. 

Average 

Wt. 

(Gms.) 

No. 

Average 

Wt. 

(Gms.) 

Obtained 

Normal 


King 

47 

20 

1.60 

27 

0.97 

2093 

3698 


Marlboro 

34 

24 

1.84 

10 

1.16 

2010 

2675 

Cuthbert 

Latham 

45 

14 

1.62 

31 

0.72 

1624 

3541 


Antwerp 

28 

26 

2.20 

2 

0.95 

2129 

2203 


Lioya 

George 

48 

47 

2.29 

1 

1.00 

3923 

3777 


Cuthbert 

34 

33 

2.41 

1 

1.00 

2905 

2675 


King 

20 

15 

1.77 

5 

1.08 

1 

i 


Latham 

8 

4 

1.63 

4 

0.65 

— 

— 

King 

Antwerp i 

10 

4 

1.75 

6 

0.60 

— 

— 


Lloyd 









George 

25 

18 

1.35 

7 

0.83 

— 

— 


Cuthbert 

9 

2 

1.65 

7 

0.79 

— 

— 


Mixed 

15 

— 

— 

— 

— 

— 

— 


King 

28 

19 

2.28 

9 

1.08 

1228 

1224 

Marlboro. . . 

Latham 

21 

12 

1.58 

9 

0.84 

614 

918 


L/ioyd. 

George 

27 

21 

1.74 

6 

0.93 

977 

1180 


Cuthbert 

20 

18 

2.09 

2 

0.35 

889 

874 


King 

21 

11 

1.87 

10 

0.78 

685 

1015 


Antwerp 

25 

16 j 

1.94 

9 

0.99 

964 

1207 

Latham 

Lloyd 









George 

25 

15 

1.75 

10 

0.62 

784 

1207 


Cuthbert 

34 

22 

2.26 

12 

1.15 

1676 

1643 


Latham 

15 

9 

1.93 

6 

1.05 

571 

725 


King 

20 

20 

2.23 

0 



930 

970 


Latham 

28 

23 

2.34 

5 

1.38 

1266 

1357 

Antwerp .... 

Lloyd 









George 

28 

22 

2.21 

6 

0.90 

1124 

1357 


Cuthbert i 

28 

28 

2.44 

0 

— 

1427 

1357 


King 

27 

17 

1.88 

10 

1.18 

1208 

2120 


Marlboro 

18 

13 

1.83 

5 

1.00 

995 

1414 

Lloyd George 

Latham 

47 

42 

2.3S 

5 

0.84 

2869 

3691 


Lloyd 









George 

26 

22 

3.17 

4 

1.50 

2091 

2042 

1 

Cuthbert 

48 

43 

2.71 

5 

1.26 

3388 

3769 


^No basis for estimation available. 

^Represents all the f owers hand pollinated except those injured bv insects, disease, or mechani- 
cal means. 


seeds set by hand-pollinated and open-pollinated flowers as the above 
noted seven crosses are above the expected relationship. The nature 
of the data precludes the possibility of determining this fact, how- 
ever. It is believed that the inconsistencies noted do not detract from 
the reliability of the estimations presented. 
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It is concluded from the facts presented here that the varieties 
studied show complete or almost complete self and cross fertility. 
This is in agreement with Hooper (1) who reports that English 
varieties of red raspberries are self-fruitful, and with Chandler (3) 
who reports that experience with plantings of one variety indicates 
that all the common varieties of red raspberries are self-fruitful. The 
viability of the pollen produced by the different varieties must be con- 
sidered in hand-pollination work and sufficient pollen applied to the 
pistils at the correct time to make certain that each pistil is supplied 
with at least one good pollen grain. The larger the amount of pollen 
that is applied the more certain it is that a set of seeds will be ob- 
tained. This places almost the whole of the responsibility for the 
failure of seeds to set on the technique used in the hand-pollination 
of the flowers. 


Literature Cited 

1. Chandler, W. H, Fruit growing. 213 Houghton Mifflin Co., N. Y, 1925. 

2. Hardv, Max B. Red raspberrv pollination technique. Proc. Amer. Soc. 

Hort. Sci. 1931. 

3. Hooper^ C. H. The pollination and setting of fruit blossoms and their insect 

visitors. Jour. Roy. Hort. Soc. 38:238. 1913 



Red Raspberry Pollination Technique^ 

By Max B. Hardy/ State College of Washington, Pullman, Wash. 

'J' HE breeding of red raspberries has been carried on at the Western 

Washington Experiment Station at Puyallup, Washington, as a co- 
operative project betv-^een that Station and the Agricultural Experi- 
ment Station at Pullman, W^ashington, since the spring of 1929. 

The general method used in the hand pollination of fruits was fol- 
lowed in the spring of 1929 in making the crosses. The small num- 
ber of seeds obtained that first year, however, emphasized the need 
of a more satisfactory technique, and the need of further study of the 
influence of self and cross fertility of the varieties on the setting of 
seeds. With a view to obtaining additional knowledge concerning these 
problems notes and data were collected the two succeeding years 
which have aided in clearing up some of the difficulties at first ex- 
perienced. The data pertaining to self and cross-fertility studies are 
reported in another paper ( 1 ) . 

Since the lack of experience in making raspberry crosses may 
have been an important factor in causing the poor results in 1929 
the procedure followed that year was repeated the following year in 
a portion of the crosses. In addition, certain variations were applied 
to such possible factors as (1) the type of covering for the flowers, 
(2) the time and method of emasculation, (3) the interval between 
emasculation and application of pollen, and (4) the method of ob- 
taining and applying pollen. The aim of this paper is merely to out- 
line the technique of hand pollination found most successful. 

The flowers to be pollinated were selected on shoots on which there 
were six or seven that had reached approximately the same stage 
of development. All farther or less advanced flowers were removed. 
The flowers to be pollinated were selected so that the flower most ad- 
vanced in development was showing no more than the initial splitting 
apart of the sepals. When the blossoms were emasculated just as or 
before the petals were beginning to show, none of the anthers had 
begun to shed pollen, as indicated by microscopical examinatioti of 
the anthers and by the total failure of unpollinated lots of emascu- 
lated flowers to set seeds. This is in accordance with the results re- 
ported by Wellington (2). Emasculation was accomplished by cutting 
around the stem of the flower bud with a sharp scalpel while holding 
the inverted bud between the thumb and forefinger, the cut being 
made about half way between the stem and the largest circumference 
of the bud, as shown in Fig. 1. The cut is thus made just below the 
point of attachment of the stamens and petals on the receptacle and 
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the sepals, petals, and stamens can be readily slipped off in toto over 
the pistils. 

The emasculated flowers were then covered with a white paper 
sack of a convenient size fastened tightly around the base of the 
fruiting shoot. Cheesecloth gave no better results than did opaque 
manila bags and was much more difficult to manipulate. A spring 



Fig, 1. Semi-diagramatic sketcli of 
red raspberry and showing the 
place at which the cuts should be 
made in emasculation. Approxi- 
mately X 
« 

clip clothespin was found quite suitable for fastening the bags since 
the latter could be folded and clipped or removed repeatedly and 
easily. 

The flowers from w^hich pollen was obtained for either cross or seif 
pollination were covered with a paper sack before any had opened. 
These flowers bloomed naturally under the sacks, thus allowing the 
pollen to develop normally. When pollen of a particular variety was 
required, a sack coveiing a shoot of that variety was removed and a 
number of' open flowers with dehiscing anthers picked off with a 
pair of tweezers and placed in a small tin box marked for that variety 
alone. These flowers were then carried to the emasculated flowers 
to be pollinated, the paper sack over these latter removed, and the 
anthers of the pollen parent flower brushed lightly over the pistils. 
This pollination was done from 2 to 5 days after emasculation, de- 
pending upon the development of the pistils, and every day there- 
after until the pistils began to turn browm, indicating that the re- 
ceptive condition had passed. The receptive condition of the pistils 
was determined after a little experience without the use of even a 
pocket lens since at that stage of development the stigmatic surfaces 
become split into small forks, which gives them a fuzzy appearance. 
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Pollination as soon as possible after this splitting occurs is to be 
recommended since much delay was found to result in the failure of 
many or any seeds to set. 

Self “pollinated flowers were not emasculated, but w'ere allowed to 
bloom normally under paper sacks. A flower of the same variety 
which was blooming and shedding pollen under another sack was 
used to spread the pollen over the pistils. Selfing after emasculation 
by the method used in the crosses gave similar results to selfing with- 
out emasculation, indicating that emasculation as practiced had little 
or no deleterious effect on the setting of seed. 

Varieties differ in the number of flowers per shoot which reach 
approximately the same stage of development at any one time. Six or 
seven flowers per shoot, however, seems to be the usual maximum 
number sufficiently uniform to be emasculated on any one da}'. Emas- 
culation at more than one time increases the number of times which 
a particular shoot must later be visited for pollinating the less uni- 
formly developing flowers and this, of course, is not desirable. 

The foregoing procedure has several advantages, among which the 
following are the most important : Time and labor are saved in ob- 
taining uncontaminated pollen and in the actual work of pollination. 
The pistils are also uncontaminated and the method of emasculation 
has little apparent effect upon their normal development. The success 
of the method is indicated by the results obtained in 1931 when an 
estimated number of 42,000 seeds were obtained from approximately 
800 hand pollinated flowers representing 29 crosses and selfings. 
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A Preliminary Report on the Breeding of Vinifera 
Grape Varieties 

By Elmer Snyder^ S. Department of Agriculture, 
Washington, D, C. 

breeding of Viiis vinifera grape varieties was started at the 
United States Department of Agriculture Experiment Mneyard 
near Fresno, California, in 1923. Though the number of seedlings 
fruiting to date is limited, some interesting results have been obtained. 

The main objects sought were to produce more seedless varieties 
and better table and raisin varieties. The breeding for seedless grapes 
has received most of our attention. The desire of the public for seed- 
less table grapes is shown by the remarkable increase in Sultanina 
(Thompson seedless) shipments from almost nothing to an aA’erage 
of approximately 4,500 carloads each year for the past 5 years. 

In America considerable breeding work has been done to develop 
improved varieties from our native species, and in hybridizing Ameri- 
can and Vinifera varieties to secure improA^ed quality in grapes suited to 
the eastern and southern states (S,^, 9, 10, 11, 12, 13, 16). In France 
(4) some breeding of Vinifera gra^s has been done for the produc- 
tion of better table varieties but principally for the production of 
wine type grapes. In 1828 Louis and Henry Bouschet started their 
breeding work with wine grapes with the definite object of infusing the 
intense color of the Tinto into the heavy producers of southern 
France. How well they succeeded is shown by the varieties Alicante 
Bouschet, Petit Bouschet, and Grand noir de la Calmette. Tliese 
varieties stand out commercially as the result of breeding Avork for a 
specific purpose. The breeding for seedless grapes was attempted in 
England (1,2,3) as earl}- as 1875. Though some seedless grapes 
were produced, none appeared to be of commercial value. Since the 
Department started the grape breeding work in 1923 Stout (14) has 
reported on the production of a seedless grape by using the seedless 
Sultanina rosea as the male parent. Very little breeding work has 
been done anywhere, however, for the specific purpose of producing 
seedless Vinifera grapes. 

The A^arious steps used in the actual crossing work have been simi- 
lar to those used by other grape breeders (5,8,9). The male blos- 
soms desired w^ere bagged before any blossoms on the cluster were 
open. The anthers of the female parent were remoA^'ed before the 
petals showed any splitting at the base, and the clusters bagged. At 
the time of pollination the bagged male clusters were remoA^ed from 
the vine and brushed OA^er the emasculated female cluster. The re- 
mainder of the male cluster was then inclosed in the bag along wnth 
the pollinated female cluster. This method was tested in 1923, when 
632 blossoms were emasculated and sacked without pollination. Only 
three small berries were produced, two of Avhich were seedless, while 
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TABLE I— -A Preliminary Summary 









Stamens 

Parentage 

Year 

No. 

Blos- 

soms 

No. 

Ber- 

ries 

Set 

No. 

Seeds 

Ob- 

tained 

No. 

Plants 

Grown 

No. 

Fruit- 

ed 

Up- 

right 

Re- 

flex 

Gros Guillaume x Black 
Monukka 

1923 

50 

11 

17 

9 

9 

9 


Rodites x Black Monukka .... 

1923 

50 

10 

14 

1 

1 

1 

- 

Alexandria x Black Monukka . 

1926 

944 

loo 

288 

54 

18 

15 

6 

Alexandria x Sultanina 

1926 

1,168 

135 

210 

6 

2 

2 

- 

Alexandria x Sultanina rosea . , 

1926 

475 

212 

262 

11 

5 

5 

- 

Alexandria x Panariti 

1926 

564 

73 

130 

33 

20 

16 

6 

Alexandria x Corinthe blanc . . 

1927 

200 

42 

72 

19 

1 

— 

1 

Alexandria x Corinthe rose. . , , 

1927 

200 

81 

212 

35 

1 

— 

1 

Alexandria x Alicante Bous- 
chet 

1926 

464 

119 

112 

27 

14 

12 

2 

Alexandria x Damas Rose 

1926 

411 

51 

73 

21 

7 

7 

- 

Alexandria x Grand noir 

1926 

612 

124 

93 

17 

10 

9 

1 

Alexandria x Malaga 

1926 

445 

93 

186 

37 

20 

16 

4 

Olivette Blanche x Olivette 
noir 

1926 

410 

134 

57 

41 

9 

8 

1 

Olivette Blanche x Muscat 
Hamburg 

1928 ' 

600 

227 

173 

26 




Muscat Hamburg x Black 
Monukka 

1928 

100 

50 

125 

29 




Pizzutelia x Black Monukka . . 

1928 

95 

51 

67 

24 

— 

— 

- 

Damas rose x Black Monukka. 

1929 

80 

47 

74 

44 

— 

— 

- 

Ohanez x Black Monukka 

1930 

60 

25 

70 

27 

— 

— 

! - 

Muscat Hamburg x Panariti . . 

1929 

100 

19 

36 

19 

— 

— 

- 

Vigne de Zericho x Rodites. ... 

1929 

150 

56 

85 

52 

— 

— 

- 

Rodites x Gros guillaume 

1930 

60 

27 1 

461 

5 

— 

— 


Total 

i 

7,238 

1,742 

2,402 

537 

117^ 

100 

22 


‘Five seedlings with reflex stamens did not set fruit. 


one contained one seed, only one cotyledon of which was filled. 
Though this may indicate the possibility of producing some selfed 
seedlings by this method, the probability is not great. 

The seeds were collected in the fall when the fruit was starting 
to dry on the vines, were cleaned, dried, and kept in a dry condition 
until planted the following January. The seeds were planted in flats 
under greenhouse conditions. A\Ten the young seedlings were from 2 
to 3 inches high they were placed directly in gallon cans and grown 
one summer under a lath house. Growth of from 3 to 4 feet with a 
strongly developed root s}'stem was obtained in one season from seed 
under these conditions. The seedlings when 1 \'ear old were planted 
directly in the vine 3 ’ard. Less than 1 per cent of the seedlings have 
been lost when handled in this manner. Some have fruited the third 
summer from the planting of the seed, but usually not until the 
fourth. 

A condensed summary of the results to date is shown in Table I. 
Twent}'-one crosses have been made. Seven thousand two hundred 
thirty-eight blossoms were emasculated and pollinated, resulting in 
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OF Breeding Vinifera Grape Varieties 


Flower and Fruit Characters 


Fruit 


White- 

Light 

Dark 


Seed- 

Round 1 

Ob- ! 


■ Elon- 

■ Earlv j 

Medium 

Late 

yellow 

Red 

Red- 

Black 

less 

long 

i 

Oval 

' gated ; 





purple 



; 1 


I Oval 1 







9 ; 

1 

1 

1 

i ! 

1 1 

1 

9 

; i 

i 

3 1 

6 

_ 
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- 

- 

- ! 

1 

_ i 

- 

1 

_ ! 

- j 


1 

10 

- 

8 

- I 

- 

2 i 

1 4 

i 2 

i 4 

9 1 

3 

- 

2 

- 

- 

- 

- 

; 1 i 

- 

1 

! - 

~ ! 

2 

- 

3 

2 

- 

- ; 

_ 

1 j 


3 

I 1 

- i 

3 

- 

10 

1 

1 

~ 

10 


“ 

3 I 
' ! 


i 

1 

! 7 1 

; “ i 

10 ! 

I 

7 

1 

1 
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1 
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i 

10 

! " 1 
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5 

7 
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5 

2 

- 

_ 

- 
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2 

4 

- 
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- 

10 

- 

4 ! 

- 

5 

1 ' 

6 

3 

1 

20 

- 
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- 

6 

i - 

13 

i 1 ; 

0 

14 

1 

6 

- 

3 

- 

- 

! 
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! 
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I 
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1742 berries, a set of approximately 24 per cent, yielding 2402 seeds 
which have produced 537 seedlings for vineyard planting. The per- 
centage of germination obtained was 22.4. One hundred twenty-two 
seedlings, representing 13 crosses, have blossomed and 117 have 
fruited. Five seedlings which blossomed failed to set fruit. In all 
cases both parent varieties had upright stamens. Twenty-two or 18 
per cent of the Fi generation seedlings have shown reflex stamens. 
A slightly higher percentage of reflex stamens were obtained at Ge- 
neva by Hedrick and Anthoiiy (9) when both parents had upright 
stamens. Varieties evidently differ in the ratio of reflex stamens 
appearing in the seedlings. Gros Guillaume by Black Monukka gave 
no reflex stamens while Alexandria by Black Monukka gave five 
upright stamens to two reflex. Wellington (16) also noted this 
variation, some varieties, especially Muscat Hamburg, appearing to be 
homozygous for the character of upright stamens. 

Various color combinations have been used. White by white has 
produced. The gradations in size are well shown by some of the seed- 
light red has produced nine white and four light red seedlings. White 
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by dark red has produced 26 whites and 21 dark reds. Wliite by black 
has produced 24 blacks and no other colors. In the last case the two 
black varieties used as male parents, Alicante Bouschet and Grand 
noir, nia}' be homozygous for this color. Black by purple black has 
produced only black seedlings. 



Fig. 1. Representative Berries from Alexandra x Panariti cross. 
(Indicating various gradations in size) 


In shape of berry the seedlings tend to resemble the parent forms 
with a predominance of the oval forms typical of many vinifera 
varieties. In size various gradations between the parents have been 
produced. The gradations in size are well shown by some of the seed- 
lings produced from the Alexandria by Panariti cross shown in Fig. 1. 
Crossing large- by small-berried varieties represented by Alexandria 
X Panariti have produced seedlings with fruit of various sizes. None 
of the seedlings was larger than Alexandria and none smaller than 
Panariti. Large- by medium-sized fruit varieties (Gros Guillaume x 
Black Monukka) have produced mostly medium-sized fruit in the 
seedlings. Large- by large-fruited varieties, (Alexandria x Malaga), 
have produced seedlings ranging from niediuni to large. The lady- 
finger types (Olivette Blanche x Olivette noir) gave a preponderance 
of elongated oval types in the seedlings. Size is an important con- 
sideration in commercial table grape production. It seems from the 
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limited data available that large-fruited seedlings can be obtained 
by using mainly large- fruited parent varieties. 

In season of ripening the seedlings tend to resemble the parent 
varieties. The trend, however, has been toward earliness rather than 
lateness. In flavor, so far the typical muscat flavor of Alexandria, 
has not been produced in any of the seedlings. 

As previously stated, the production of seedless varieties has re- 
ceived the most attention. To date, six seedless varieties, Black 
Moniikka, Sultanina, Sultanina rosea, Panariti ( black Corinthe), Cor- 
inthe rose, and Corinthe blanc have been used as male parents in 
various crosses. 

Many of the seedlings resulting from these crosses have not 
fruited. The possibility of obtaining seedless varieties in the Fi gen- 
eration seedlings by using a seedless male parent has, however, been 
demonstrated. As a result of the first crosses made in 1923 using 
Black Monukka as the male parent with both Gros Guillaume and 
Rodites, three seedless hybrids were obtained from 10 seedlings 
grown. Later crosses have not been so fortunate, since 54 seedlings 
of the 57 fruiting to date having one parent seedless have contained 
seeds. Of the crosses fruited to date one seedless progeny resulting 
from Gros Guillaume x Black Monukka ajipears to have possible 
commercial merit. It is somewhat similar to Black Monukka but 
apparently its berries adhere to the pedicels much better. Further 
testing is necessary before its merits can be determined. Interesting 
fruit has been obtained from several other crosses. 

The ini f era grape breeding work of the U. S. Department of Ag- 
riculture has lieen carried on for only 8 years and on a limited scale. 
The securing of three seedless crosses as well as other interesting 
grapes during that time is an encouragement to continue and broaden 
the scope of the work. With the production of more Fi seedlings, 
using seedless male parents, and back crossing, it is believed that ad- 
ditional valuable commercial table grape varieties having the seedless 
character can be obtained. 
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Growth of Concord Grape Cuttings in Relation to 
\'igor. Chemical Composition and Relative 
Position on the Cane 

By V. C. Calma and H. W. Richey, lou;a State College, Ames, Iowa. 

'J'HB investis^ation was started, (1) to determine if there is any 
noticeable difterence in the vigor of vines the first year, obtained 
from canes grown on vines of high, medium and low vegetative vigor; 
(2) to determine if the cuttings from different regions of canes of similar 
vegetative vigor produce vines diitering in vigor; (o) to determine if 
there is any marked difference in the carbohydrate and nitrogen 
composition of canes of noticeably different vegetative vigor; and (4) 
to determine if there are marked differences in the carbohydrate and 
nitrogen composition of the different regions of canes of similar 
vegetative vigor. 

Cuttings of the Concord grape were prepared from strongly vege- 
tative, moderately vegetative, and weakly vegetative canes growing 
on vines of the corresponding vigors. The strongly vegetative canes 
were produced by limiting healthy, young, non-bearing vines, growing 
in a fertile loam soil, to two shoots each. The moderately and weakly 
vegetative canes were obtained by selecting suitable canes from mature 
bearing vines. The total length of the cane growth which is in agree- 
ment with the caliper measurement, was used as an index of the 
relative vigor. 

Within a week or two after the weather had been sufficiently cold 
to cause the dropping of all leaves, the canes were cut off near their 
point of origin, measured, and made into cuttings according to their 
respective lengths. From 5 to 20 representative canes were used in 
preparing samples for chemical analyses. Both 3^ears the strongly 
vegetative canes were cut into 12 equal parts; the moderately vege- 
tative canes were cut into 9 parts the first year and 8 parts the second 
year; and the weakly vegetative canes were cut into 4 parts both years. 
The corresponding sections of the canes of similar \dgor constituted a 
sample. The separate samples -were washed, dried of apparent mois- 
ture, weighed, cut into small pieces, and refluxed a few minutes with 
boiling 95 per cent alcohol to which a small amount of calcium car- 
bonate had been added. These samples, which represented the 12 
sections of the highly vigorous canes, the 8 or 9 sections of the moder- 
ately vigorous canes, and the 4 sections of the weakly vegetative canes 
were then analyzed for free reducing substances, alcohol soluble acid 
hydrolizable substances, and soluble and insoluble nitrogen. 

The canes that furnished cuttings for the field studies were cut in a 
similar fashion to the above except that it was often necessary to dis- 
card part of an intemode in order to have the basal cut just below a 
node. This however merely shortened the cutting but did not alter 
its relative position on the cane. In the first year the weakly vege- 
tative canes were cut to make six cuttings each but only into four 
sections for chemical analyses. The cuttings were placed in their 
respective groups, tied into bundles, and stored inverted in a pro- 
tected cold frame. In the early spring the glass was uncovered 
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TABLE I — Relative Vigor of Canes and Number of Cuttings Made 
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and all but about 2 inches of sand removed from the basal ends of the 
cuttings. In both years, root and shoot growth began practically at 
the same time. Shortly after the roots were visible the cuttings were 
examined individually for the amount of root and shoot growth. In 
the second year a record was also made of the amount of callus 
formed. Immediately after this examination the cuttings were set in 
the field to study the percentage of stand and the amount of top 
growth made. 

As shown in Table I, the canes used the second year were consider- 
ably more vigorous than those used the first year. Table II shows 
that the canes of different vegetative vigor did not vary appreciably 
or consistently in the percentages of the various substances. Appar- 
ently the percentages of these substances in the cane as a whole are 
not materially changed by the degree of growth made by the cane. 
The less vigorous canes, that were produced in 1929, had higher per- 
centages of total carbohydrates and total nitrogen than the more 
vigorous canes produced in 1930. When the canes of different vigor 
produced the same year were considered this uniform difference was 
found to exist only with the total nitrogen. It is possible that the 
much more vigorous canes for 1930 utilized more of their reserves in 
grovrth than did those for 1929 and thereby decreased the percentages. 
The differences in the amounts of growth made by the canes of differ- 
ent vigor the same year was not sufficiently great to materially alter 
the percentage of carbohydrate reserves but was sufficient to change 
the nitrogen reserves, for in all cases the most vigorous canes had the 
least nitrogen reserves. 

The data in Table III, show that in general the terminal sections 
were lowest in the percentage of total carbohydrates, the basal regions 
were next, and the highest percentage occurred at some mid-point, 
being on the whole somewhat nearer the base than the tip of the cane. 
The total nitrogen did not show consistent differences in percentage. 
When the percentages were converted to the amounts of total carbo- 
hydrates and nitrogen per cutting or section (Table III) striking and 
regular differences were noticeable. This was due, of course, to the 
differences in the size of the cuttings. 

In studying the growth of the cuttings at the time of removal from 
storage and before planting in the field it was found that for the 2 
years the degree of initial rooting on all groups, with but one excep- 
tion, w-as directly associated with the percentage of total carbohy- 
drates. Those cuttings with the highest percentage of total carbo- 
hydrates produced the most roots in storage. The one exception was 
in series A of the first experiment which had the highest percentage of 
carbohydrates of the tl^ee series but had the least amount of initial 
rooting at the time of planting. There were no consistent differences 
in regard to the average amount of initial tops formed and the total 
carbohydrate reserves but there was an indication that the percentage 
of cuttings producing initial top growth was directly associated with 
the percentage of total carbohydrate reserves. Series A of the first 
experiment was again an exception. 

The greatest amount of tops and roots and the highest percentage 
of cuttings forming roots and tops were shown to occur in those cut- 
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tings taken from the mid-portion of the strongly vegetative canes and 
on the cuttings taken from the basal half of the moderately and weak- 
ly vegetative canes. The cuttings from the less vigorous canes pro- 

TABLE III — Regional Distribution of Total Carbohydrates and Total 
Proteins in Percentages and Amounts on Fresh Weight Basis for 1931 


Num- 
ber of 
Section 

Total Carbohy- 
drates 
(Per cent) 

Total Carbohv- 
drates per Cutting 
(Grams) 

Total Nitrogen 
(Per cent) 

Total Nitrogen 
per Cutting 
(Grams) 

1 

16.37 

Series A 
5.96 

0.37 

0.14 

2 

17.98 

6.54 

; 0.29 

0.11 

3 

17.92 

6.74 
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0.11 

4 

17.SS 
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0.11 

5 
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9 
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10 
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0.33 
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11 
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0.35 

0.04 

12 
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0.34 

0.03 

1 
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0.05 

2 
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0.05 
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1 0.35 
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0.99 1 

1 0.32 

0.02 
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0.01 

1 

17.83 
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1.23 

0.38 

0.03 

2 

18.21 

1,12 

0.36 1 

0,02 

3 

1S.16 

0.70 

0.36 

0.01 

4 

16.22 

0.45 

0.41 

0.01 


duced the largest amount of roots and had the highest percentage of 
cuttings making such growth. There is an indication that the degree 
of initial rooting and the initiation of top growth in the cuttings, 
while still in the storage pit, were associated with the percentage of 
total carbohydrate reserves. The differences in the percentages of 
total carboh3^drates alone, hardly seem sufficient to account for this 
difference in growth, but it does appear as if growth started soonest 
in those cuttings taken from the canes in the lower state of vegetative 
vigor. 

Callusing seemed to be separate and distinct from rooting. These 
two processes seem to be independent collateral manifestations of 
internal conditions of the cutting. 

The responses of the cuttings in the field were exactly the reverse 
of their responses of initial growth in the storage pit, since, for both 
years in the field, the cuttings from the more vigorous canes made the 
best top growth and had the highest percentage stand. Two things 
may have contributed to this difference namely, the partial depletion 
of food reserves by the early growth in the storage pit; and the differ- 
ence in the amounts of food revives in the different cuttings. More 



TABLE IV—Regional Distribution of Average Amount and Percentage of Growth in the Field 1930 and 1931 
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of the cuttings from the less vegetative canes were rooted than were 
those of the more vigorous cuttings and also their roots were farther 
advanced. The differences in tops were not so marked. ^ In planting 
in the field this initial root and shoot growth was practically all de- 
stroyed SO that the reserves of such cuttings were depleted to that 
extent. As shown in Table III, the cuttings from the more vigorous 
canes, being considerably larger, especially in diameter, iad much 
more food reserves than the corresponding cuttings from the less 
vigorous canes so that they had a much better opportunity of estab- 
lishing new root and top systems. 

As noted previously the root and top growth made by the different 
sections of a cane seemed to be associated with the food reserves of the 
cutting. There was a decrease in the amount of growth from the base 
to the tip with the maximum usually occurring at some region between 
the base and middle of the cane. The responses in the field (Table IV) 
were more pronounced than those in the storage pit. In 1930, al- 
though there were fluctuations in the average amount of tops pro- 
duced and in the percentage of stand and although these variations 
did not correspond exactly with the chemical reserves, there was a 
pronounced decrease of both from the basal to the terminal cuttings. 
In the strongly vegetative and moderately vegetative canes none of 
the cuttings from the last two sections survived the summer and all of 
the cuttings from the last three terminal sections of the weakly 
vegetative canes died. 

The differences in 1931 do not appear so obvious in Table IV, but 
during the entire season they were very noticeable. All surviving 
cuttings taken from the strongly vegetative canes and the central 
region of the moderately vegetative canes were conspicuously more 
vigorous during the entire growing season. The basal and terminal 
cuttings appear to have done as well as those from the central portion 
of the canes but it will be noticed from the table that the percentage 
stand was not nearly so high. Those cuttings from these sections that 
lived made an amount of growth equal to that made by the cutting 
from the other sections of the \dgorous canes, > Cuttings from Series 
A, Sections 3 and 4 and small parts of Sections 2 and 5 ; Series B, Sec- 
tion 3 and part of Section 2, were growing in a less favorable soil 
situation for the difference in amount of top growth in this localized 
area of the plot was quite marked. Taken as a whole there was no 
noticeable difference in the amount of top growth made by the cuttings 
of Series A and B. The basal and terminal cuttings of Series B and 
the basal cuttings of Series A were the less vigorous. Cuttings in 
Series C were very weak throughout. The percentages of cuttings 
surviving in the field, expecially in Series A and B seems to be associ- 
ated with the amount of food reserves. The vigor of vines the first 
year was found to be directly associated with the vigor of the canes 
from which the cuttings were made. As a whole the cuttings, middle 
and basal regions of the cane, produced the most vigorous vines. The 
percentage of reserve carbohydrates and nitrogen did not differ 
appreciably in canes of different vegetative vigor. The amount of 
resenre carbohydrates and nitrogen differed markedly in the various 
section of a cane from the base to the tip, the largest amounts being 
near the basal end. 



Further Studies on the Effect of Fruiting on the Shoot 
Growth of the Concord Grape 

By A. L. Schrader, University of Maryland, Colic ijc Park, McL 

P 1931, studies were continued (1) to determine the eftect of blos- 
som and fruit removal before and after setting of the fruit on the 
shoot growth of the vine, measuring the influence in terms of shoot 
elongation during several periods in the growing season. The clusters 
were removed from individual shoots to compare with fruiting shoots 
on the same vines to measure again the individuality of the shoot 
which was evident to some degree in 1930. The same vines which 
had all the clusters removed before and after setting of the fruit in 
1930 were subjected again to the same treatment to compare with 
fruiting vines in the same experiment. In 1930, considerable stimu- 
lation to shoot growth resulted on vines from which all clusters had 
been removed before setting of the fruit ; however, but little stimula- 
tion resulted when the clusters were removed just after the setting 
of the fruit. 

In addition to repeating the work of 1930, a larger number of 
vines were used to determine the effect of removing all clusters 
from vines before and after setting of the fruit as well as the effect 
of leaving one cluster per shoot, removing the other clusters before 
setting of the fruit. 


Results Obtained 

In Table I are presented the data on individual shoots to deter- 
mine the individuality of the shoot in competition with other shoots 
with various treatments on the same vine. Contrary to the results 
of 1930, the removal of clusters before setting did not stimulate the 
growth of shoots in comparison with the growth of fruiting shoots 
on the same vines. It is possible that the favorable growing conditions 
in 1931, in contrast to the dry conditions of 1930, served to oliset the 
effects of fruiting. The stimulation of shoot growth when the clus- 
ters were removed after setting of the fruit, indicated in Table I, was 
also noted in 1930, which may mean that setting of the fruit did 
stimulate the growth of the shoot, as Murneek (2) found with the 
tomato- Comparing 1930 and 1931, it is apparent that the grape 
shoot may or may not have an individuality in growth response, de- 
pending upon the seasonal conditions. However, it must be noted 
that the average shoot growth of 1930 was only about 20 per cent 
less than that of 1931, as shown in Table I, because most of the 
growth in length is completed by July 15. 

When the data in Table II is considered, in which the growth of 
vines is shown, following the removal of clusters before and after 
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TABLE — Effect of Blossom and Fruit Removal on the Shoot Growth of Concord Grape Vines in 1931. 


SCHRADER: FRUITING AND SHOOT GROWTH OF GRAPES 
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setting in successive years of 1930 and 1931 on the same vines, there 
is a markedi}’ greater shoot growth under both treatments, but re- 
moving the clusters before setting has stimulated growth more than 
the removal after setting. The removal of clusters from entire vines 
after setting in 1930 had little effect on the length of shoot growth in 
that season, but the repetition of the treatment on the same vines in 
1931 had a marked effect compared with the growth response of 
fruiting vines. However, the growth response of these vines which 
have not borne any fruit in two seasons is not so great as might 
be expected, a fact which might be explained on the basis of root 
competition, the vines being planted 8 by 10 feet. On the other 
hand, no data is available as to the maximum average shoot 
growth which a Concord grape vine will make under a given condi- 
tion. The average shoot growth of 304.8 centimeters attained by the 
vines which had the clusters removed before setting in both years ma}^ 
or may not ht the maximum for this vineyard under the present soil, 
pruning, and cultural conditions. It can be noted in Table II that the 
amount of growth made after July 15 was greater in the case of the 
non-fruiting vines than on the fruiting vines, indicating that growth 
ma}' have stopj^ed earlier in the case of the latter. 

In Table III, there is presented more data on the effect of cluster 
removal from entire vines. The experiments were conducted upon 
two types of vines, based upon the pruning weights, that is the amount 
of 1-vear wood removed at pruning time prior to the experiment. 
The so-called weak vines were arbitraril}^ the vines with less than 
p(.mnds of prunings, and the strong vines thus had more than that 
amount of pruning. When clusters w^ere removed before setting, the 
stimulation in growth of shoots was similar to that shown in Table 
II. The effect was relatively greater in the case of the weak vines 
than in the case of the strong ones, but both responses were marked 
and were noted early in the season, in contrast to the somewhat slower 
response in 1930. When the dusters were removed after setting, the 
growth stimulation was not so great as that which resulted from the 
removal of clusters before setting. The removal of all clusters but 
one per shoot before setting apparently stimulated the shoot growth 
of the weak vines to about the same degree as the removal of all 
clusters after setting, but leaving one cluster per shoot on strong 
vines resulted in no stimulation. Apparently, blossom thinning may 
increase the vegetative vigor of weak vines but not necessarily the 
vigor of strong vines. 


Conclusions 

The removal of blossom or fruit clusters from Concord grape 
Hnes early in the growing season has a definite stimulative effect 
on shoot growth which is greater if done before setting of the fruit. 
The devitalizing effect of fruiting on the vegetative growth of the 
vine has usually been considered greater than this response of the 
vines after removal of the inflorescence or young fruits inversely 
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would indicate. Improving the vegetative vigor of Concord grape 
vines by blossom thinning may depend upon the vegetative condition 
of the vine at the moment or possibly the root competition among 
vines under soil and climatic conditions in the eastern states. 
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Effects of Pruning on Fruiting of Shoots and the Growth 
of Their Terminals and Laterals in the Concord 

By A. S. Colby, University of IlVmois, Urbam, 111., and 
L. R. Tucker, University of Idaho, Moscow, Ida. 

Abstract 

The complete paper will appear as a bulletin from the Illinois Agricultural 
Experiment Station. 

JN a study of the cumulative effects of five consecutive years' 
(1924-28 inclusive) consistent winter pruning of the Concord 
grape at Urbana, Illinois, to rarying degrees of severity, certain 
conclusions were drawn as to the fruiting of shoots and the growth 
of their terminals and. laterals. Data were secured from 48 vines 
ranging from the 20-29 node to the 80-89 node group in 1927, and 
from 64 vines which ranged up to the 60-69 node group in 1928. 
Approximately 2000 shoots were studied each year. 

The total amount of shoot length produced was little affected by 
the severity of the previous winter’s pruning. The vigor of indi- 
vidual shoots was, however, increased proportionately. Increasing 
vigor of weak shoots was most evidenced by increased length, and of 
very vigorous shoots by the growth of laterals. 

The total yield was greatly influenced by the severity of the previous 
winter’s pruning through limiting the possible number of fruit clus- 
ters. As fewer buds were left at pruning time and the number of 
potential shoots reduced, the number of clusters resulting was auto- 
matically lessened. The yield of individual shoots from the buds left 
to grow was not noticeably changed. 

Except under very unusual conditions during the fruiting season, 
the ability of a shoot to yield w^as largely determined in the bud the 
previous year, while shoot rigor was markedly affected by the num- 
ber of nodes left on the vine at pruning time. 

In attempting to balance growth and yield of the Concord at prun- 
ing time, the growth of last season’s shoot may be used as an index 
of vigor and productivity. 'Concord vines pruned to 56-65 nodes 
under the conditions of the experiment bore shoots that were moder- 
ately vigorous but not vigorous enough to produce much, if any, 
lateral growth. Vines with such a type of growth carried through 
large bunches to full maturity each year, and at the same time ma- 
tured a sufficient number of medium size, well-placed shoots from 
which a good choice of fruiting canes could be made at pruning time. 
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The Influence of Long Pruning and Thinning upon the 
Quality of Concord Grapes 

By Newton L. Partridge, Michigan State College, 

East Lansing, MichL 

JpREVIOUS data (1 j indicated that the juice from Campbell Early 

grapes produced by severely pruned vines contained a higher per- 
centage of total solids than did* the fruit on lightly pruned vines. Ad- 
ditional data obtained from Concord grape vines are presented here. 

A number of vines of approximately equal vigor were selected in 
the vineyard at the Graham Horticultural Experiment Station at 
Grand Rapids and were given “longer” pruning than usual. Between 
80 and 90 nodes were left on these vines instead of the 42 to 50 
nodes usually retained. The vines were divided into four groups, three 
of which were thinned. The thinning was done (T) by rubbing off 
alternate buds at the time growth started in the spring, (2) by re- 
moving any blossom clusters in excess of two per shoot, and (3) 
by removing all clusters in excess of one per shoot. Those blossom 
clusters retained were the largest on the shoot, usually the basal one 
or two. The test was repeated the following season using different 
individuals. For purposes of comparivson, growth and 34eld data are 
included from similar vines pruned in the usual manner. The data 
are presented in Table I. 

The thinning reduced the amount of fruit produced. Blossom 
thinning to one cluster per shoot or the removal of alternate buds at 
the beginning of growth reduced the production to about that of nor- 
mally pruned vines. Blossom thinning to two clusters per shoot did 
not reduce the yield very much, particularly the first season. Samples 
of grapes were obtained from each vine and the percentage of total 
solids was determined by the Brix hydrometer. These data show that 
the juice from the fruit on the thinned vines contained a higher per- 
centage of total solids than did the fruit from the unthinned or 
slightly thinned long-pruned vines. As in the Campbell Early, the 
smaller the production, the greater the percentage of total solids indi- 
cated. This was observed in 1927, when the yield was small, as well 
as in 1928 when the production was greater. 

Blossom thinning apparently tended to increase the weight of the 
bunches. The greater weight of the bunches on the vines that were 
thinned to one cluster per shoot at blooming time was due, to a con- 
siderable extent, to the selection of the smaller clusters for removal. 
However, the fruit harvested from the vines thinned to a single 
cluster per shoot was of better appearance and flavor than the fruit 
from the unthinned long-pruned vines, and the clusters were heavier 

^Published with the approval of the Director as Journal Article No. 77, new 
series, of the Michigan Agricultural Experiment Station. 
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tlian those produced on vines thinned by the removal of alternate 
Intds or by vines normally pruned. 

TABLE I — Prodcctiox of Concord Grapevines, Thinned by Diverse 

Methods 


Thinning Treatment 


! 1 TJiiniied i 

i Thinned 


} Alternate 1 to Or.e ! 

to Two 1 


! Buds 1 Blossom | 

Blossom 1 Xot 

Normal 

j Remov’'ed j Cluster 

Clusters 1 Thinned ' 

Pruning 

1 1 per Shoot ! 

per Shoot i 



Crop of 1927 


Number vines 

Average pounds primings, 1926- 

9 

13 

13 

12 

14 

27 

8.1 

3.0 

3.0 

3,0 

3.0 

Average pounds fruit, 1927 

12.5 

14.6 

20.8 

21.2 

13.0 

Average ounces per bunch 

2.5 

3.0 

2.8 

2.9 

— 

Average degrees Brix of juice 

Average pounds prunings, 1927- 

17,1 

17.1 

16,3 

16.0 

— 

28 

4.0 

Crop of 1 

4..'> 

92S 

4.5 

4.7 

3.9 

Number vines 

Average pounds prunings, 1927- 

12 

12 

12 

12 

12 

28 

3.0 

3.0 

3.0 

3.0 

3.0 

Average pounds fruit, 1928 

19.7 

19.0 

31.3 

36.1 1 

21.1 

Average ounces per bunch 

3.2 

3,9 

3.4 

3.0 

— 

Average degrees Brix of juice. . , . 
Average pounds prunings, 1928- 

15.5 

15.5 

14.3 

14.5 

— — 

29 

5.4 

5.S 

4.9 

4.8 

4.9 


The production of fruit tends to reduce the amount of growth 
made by the vines (1, 2). However, Winkler (4) has shown that 
longer pruning tends to increase the amount of growth made by 
Vinifera varieties. These data, particularly those for the crop of 
1928, indicate a similar tendency ; but the increase in vigor due to 
long pruning, even with the removal of the excess blossom clusters, 
has not been very marked. 

From the viewpoint of the grower, long pruning with the removal 
of the excess blossom clusters wdll result in the produftion of larger 
bunches of better appearance than when the crop is regulated entirely 
by dormant pruning. A slight increase of vine vigor will probably 
occur. There seems to be little difference in the time of fruit ma- 
turity when the production is equal under the two systems of man- 
agement, On the other hand, there is a considerable increase in the 
amount of labor required for pruning and tying the vines. Extra 
labor is also required for thinning the blossom clusters at a time 
when the regular vineyard operations demand attention. Under 
present conditions of marketing, there is no probability of securing 
more than a moderate premium for the better quality of fruit that 
wxmld be secured by the more laborious method of production. Con- 
sequently long pruning with duster thinning does not seem to offer 



146 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

the Concord grape grower any prospect of increased profit at the 
present time. 
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The Effect of Fruit Production and Fertilizer Treatments 
on the Maturity of Concord Grapes^ 

By Newton L. Partridge., Michigan State College, 

East Lansing, Mich, 

J^URING the course of an experiment on the influence of fertilizers 
on the production of Concord grapes (1), juice samples were 
obtained from many. of the vines in the vineyard. Each lot of 
juice was extracted from a representative sample of the fruit from 
a single vine., the berries being pulped and squeezed through doubled 
muslin. Although this method was not so satisfactory as a careful 
chemical analysis would have been, the data are considered reasonably 
trustwortlnywing to the large number of tests made each season. 

In another paper by the author published elsewhere in this re- 
port, it has been shown that vines producing an overcrop do not 
mature their fruit so well as do \’ines with smaller crops. Before 
sound conclusions could be reached regarding any direct influence 
of the several fertilizer treatments on the maturity of the fruit, it 
was necessar\- to determine whether the variations in vigor and pro- 
ducti\nty of the various vines were responsible for the differences that 
appeared. Data are presented in Table I giving the average per- 
centage of total solids indicated by the Brix ^drometer for vines of 
different vigor (as measured by the weight of prunings removed 
the preceding winter) and production. The vines were all pruned 
in accordance with their vigor as has been described ( 1 ) . 

The data for both years show that the percentage of total solids in 
the juice tended to be lower as the production of the vine was greater. 
This relationship was apparent whether the population w^as con- 
sidered as a whole or whether a subdivision was made, based on the 
weight of prunings the preceding winter. No definite relationship 
was observed when a comparison was made between the data ob- 
tained from vines of equal production but of varied vigor. Differ- 
ences in the values of the averages of the various groups with equal 
production showed a slight tendency for the stronger vines to yield 
a juice with a greater percentage of total solids than the weaker 
vines, but no consistent trend appeared. When the data from all 
growth classes were averaged together regardless of the amount of 
their production, the weakest vines seemed to produce the fruit with 
the largest percentage of total solids. This was due apparently to 
the fact that the production of the weaker vines tended to be less 
in total weight than that of the stronger ones, and hence the average 
was higher. 

In making comparisons between the vines receiving the different 
fertilizer treatments the data have been subdivided so that groups 
of vines of approximately equal production may be compared. These 
data are presented in Table II. No consistent differences in percent- 

=^Published with the approval of the Director as Journal Article No. 78, new 
series, of the Michigan Agricultural Experiment Station. 
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TABLE I — The Influence of Variations in the Vigor and Production of Vines on the Percentage of Total Solids in the 

Extracted Juice, Expressed as Degrees, Brix 
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♦Numbers in parentheses indicate number of individual vine samples included in calculating mean. 



TABLE II— 'The Influence of Fertilizer Treatments Upon the Percentage of Total Solids in the Extracted Juice, 

Expressed as Degrees, Brix 
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age of total solids appeared in the data for 1926 that would suggest 
any influence of fertilizer treatment on the percentage of total solids. 
Wlieii all the vines studied on each of the plots were grouped to- 
gether, the unfertilized xines showed a higher average, apparentl}' 
because these vines were less productive. 

W'hen comparisons were made between vines of approximately 
equal production, the data for 1927 showed that the averaged read- 
ings of juice from the unfertilized vines were consistently higher in 
total solids than those from any of the plots receiving nitrogen, either 
alone or in combination. The one exception was found in the case 
of vines yielding from 25.1 to 30.0 pounds of fruit. It is more diffi- 
cult to draw definite conclusions as to the relationship between the 
fertilizer treatment and the percentage of total solids when the in- 
fluence of the other elements is considered, When lime was added 
to the nitrogen the percentage of total solids apparently was les- 
sened somewhat. 

When phosphorus was added to the nitrogen, it apparently had 
comparative!}* little influence on the percentage of total solids. Al- 
though two groups with but few individuals showed considerably 
higher averages than dc» ^fines of similar production on plots re- 
ceiving nitrogen without lime, the groups with the larger numbers of 
vines showed somewhat lower averages. The addition of potash to 
nitrogen api^eared to cause an increase in the percentage of total 
solids, although this increase was not enough to permit these groups 
to equal the unfertilized groups. The addition of phosphorus and 
potash to nitrogen tended to produce higher averages than those 
obtained from the vines receiving phosphorus and nitrogen. Where 
the differences between the averages of the nitrate-potash and the 
nitrate-phosphate-potash plots were larger, the nitrate-potash plot 
usually shows the larger values, the reverse being true where the 
dififerences were smaller. 

These data are not conclusive of the advantage of any fertilizer 
treatment in increasing the percentage of total solids or hastening 
maturity. However, the number of individual tests is large enough so 
that these results may be considered to be more or less typical of the 
kind and the amount of variations to be encountered in this vineyard 
with carefully balanced pruning of the vines. There is some indi- 
cation that the use of nitrogen delays the maturity of grapes, which 
seems to be the general experience of grapegrowers in Michigan 
who have used it. There is also a suggestion that the use of potash 
with nitrogen may tend to reduce the delay induced by the use of 
nitrogen some seasons, but further data must be obtained before this 
conclusion can be established. 
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Irrigation Experiments With Grapes 

By A. H. Hendrickson and F. J. \'eihmeyer. University of 
California, Davis, Calif, 

JRRIGATION experiments similar to those with peaches, reported 

at a previous meeting of this society (1), were conducted with 
two varieties of grapes in the San Joaquin \'alley of California in 
1930 and 1931. These experiments were carried on with the Thonip- 
son Seedless (Sultanina), a table and raisin variety, near Hughson 
and with the Emperor, a table variety, near Sanger. 

Experimekts w^ith Thompson Seedless 

The experiments with the Thompson Seedless variety were carried 
out at Hughson on a Fresno sandy loam soiL The moisture equiva- 
lents' of the soils in the experimental plots vary from about 9 to 11 
per cent in the top 5 feet, and the permanent wdlting percentages ( 2) 
vary from about 3 to 4 per cent. In these soils, the field capacity is 
a little higher than the moisture equivalent (3). 

Soil samples in 1-foot increments were taken at weekly or bi- 
weekly intervals in sufficient numbers to give a reliable soil-moisture 
record of the plots. Frequent, systematic soil sampling, together with 
a knowledge of the permanent wilting percentages of the soils used 
made it possible to vary the soil moisture between the field capacity 
and the permanent wilting percentage, without actually’ reaching the 
latter condition unless it was so desired. 

The plots contained 30 vines each with double guard rows between 
plots. The only variation in the cultural treatment of the plots was 
in the number of times they wrere irrigated. Three plots were used in 
1930 and five plots in 1931. Only the records from the plots used 
both years are given in this paper. The soil samples were dried for 
48 hours at 105 to 110 degrees C., and the moisture contents calcu- 
lated on the dry-w^eight of soil. Three irrigation treatments were used. 

The soil-moisture records for 1930 and 1931 are essentially similar 
and only those for 1931 are given in this paper (Fig. 1). Most of the 
roots were probably in the upper 5 feet, because of an impervious 
layer at about this depth. The records for treatment C prior to July 7 
are omitted since they are practically^ the same as those of treatment 
A. The soil moisture in treatment A was kept well above the per- 
manent wilting percentage in the first 5 feet of soil, except for a 
brief period in the first foot early in the season of 1931. This treat- 
ment received five irrigations. The presence of a compact layer just 
below the depth of cultivation, known as plow-sole, interfered with 

The terms, relating to soil moisture, used in this paper, and their relation to 
one another, are discussed in California Agric. Ext. Service Cir. 50. 
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the downward movement of water, and accounts for the high mois- 
ture contents in the top foot following irrigations. Treatment B re- 
ceived one irrigation, and the soil-moisture was reduced to the per- 
manent wilting percentage in the top 3 feet and remained there until 
irrigated on Tune 17. It was again reduced to the permanent wilting 
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conditions in the ThoAipson vineyard, Hvighson, California, 
1931. The increase in soil-moisture on September 2, in the third, fourth, and 
fifth feet in treatment A, is due to plow sole. The water was applied on 
August 22, but did not have time to penetrate beyond the second foot by 
August 26, when the samples were taken. The permanent wilting percentages 
are indicated by the short lines at the left of the diagram. 
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percentage about July 21, when the vines wilted. The flattened por- 
tion of the dashed line indicates that practically no soil-moisture was 
removed from the second and third feet after July 21, and but very 
little from the fourth and fifth. The peak in the B treatment line in 
the first foot on August 5 is due to the accidental wetting of a portion 



Fig. 2. Growth of Thompson irrapes at Hughsoii, California, 1931. 

of the plot but, as the water only penetrated a few inches, no response 
was observed either in the vines or fruit. The last irrigation was ap- 
plied to treatment C during the first part of August, and its soil- 
moisture content was reduced, in the upper 4 feet to the permanent 
wilting percentage on August 26. about 1 week before harvest. 

Growth of the fruit was measured the first year hy weighing and 
counting a large number of berries secured at random. This method 
did not yield consistent results, because of the variation in the size 
of the berries both from different bunches and from different places 
on the same bunch. In 1931 the diameters of marked berries were 
measured by means of a specially designed precision caliper, which 
could be read to 0.01 centimeters. Five berries on each of 20 bunches 
were measured during the last half of the season. By measuring the 
same berries each week a consistent curve was obtained. The growth 
curve of the Thompson Seedless grapes in 1931 is given in Fig. 2. 
The differences in size of the grapes in all three plots were on the 
border line of significance until July 21. Thereafter, the diameters 
of the berries in treatment B were significantly smaller than those in 
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treatment A. It should he noticed that the soil-moisture in the upper 
3 feet in treatment B was reduced to the permanent wilting percent- 
age at this time. The diameters of the fruit in treatment C were sig- 
nificantly larger than those in treatntent B when the crop was picked. 
The small size of the berries in treatment B when the measurements 



Fig. 3. Acid and sugar contents of Thompson grapes at Hughson, 
California, 1931. 


were started mat- be explained by the fact that the soil-moisture in 
this treatment was at the permanent wilting percentage from June 8 
to June 17. I^ack of readily available soil moisture, however, cannot 
be the reason for the slow rate of growth of the fruit in treatment C 
betrveen June 22 and July 7. because the soil-moisture content in this 
treatment was essentially the same as that in treatment A. 

Determinations of the sugar by hydrometer readings on expressed 
juice, and acid contents of the berries by titration were made during 
the latter part of the growing season. The results obtained in 1931 
are shown in Fig. 3. In general it will be seen that the rate of in- 
CTease in sugar was essentially the same in all treatments. The sugar 
in treatment A, on July 13, was one degree Balling lower than treat- 
ment B and this difference became gradually larger until on Septem- 
ber 2 when the grapes were picked there was a little over 2 degrees 
difference between these treatments. On June 17 the new length growth 
on the vines in treatment B was distinctly less than in treatment A, 
which was due to the fact that the soil-nioisture in the B treatment 
was reduced to the permanent wilting percentage between June 8 
and 17. The heavy growth of vines and foliage in treatment A, there- 
fore, may have been a factor in retarding the ripening of the fruit in 
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this treatment. In other words, the fruit from treatment A may have 
been picked before it was fully mature. In 1930, however, when the 
crop was picked about a week later than in 1931, the degree of ma- 
turity of the fruit from both treatment A and treatment B was the 
same. This is shown in Table I which gives the sugar and acid con- 
tents, sizes and drying ratios at harvest for both years of the experi- 
ment. In spite of the similarity of soil-moisture conditions in treat- 
ments A and C hi 1931, except during the last three weeks of the 
season, the sugar contents of the fruit in treatment C showed as great 
departures from those of A as did the sugar contents of the fruit of 
treatment B. The authors can offer no explanation for this behavior. 


TABLE I— Sugar and Acid Contents, Drying Ratios, and Size of Thompson 
(Sultanina) Grapes when Picked 


Treatment i 

i i 

Year 

i 

1 

iDei-rees) j 

j 

Acid as 1 
Tartaric 
iPer cent) 

Dryini; 

Ratio 

1 Size of 

Berries 1 “ 

; ifn'.s.i . 

} iGran:ii! 

A 

1930 

22.4 

0.53 

3.9 

i i 

1.73 

B 

1930 

22,4 

0.45 

1 3.9 

j ■ 

, 1.85 

C 

1930 

22.0 

0.47 

1 3.9 

i » - 1 

i 1.85 

A 

1931 

21,9 

0.51 j 

i 4.1 

1 1.43±.005 ! 

— 

B 1 

1931 

23.9 

0.42 

i 3.7 

i 1.34db:.00o 1 

— 

c ■ 

1931 

24.1 

0.44 1 

1 3.7 

i 1.41±.006 ! 

— 


The ratios betw^een the weight of fresh fruit and the weight of 
raisins were obtained both years by drying approximately 12 kilo- 
grams of fruit from each treatment in a small dehydrater in which 
the temperatures were controlled within close limits. The data show 
that the Thompson fruit from all treatments in 1930 was of essen- 
tially the same degree of maturity when harvested, and no differences 
were obtained in the dr\’ing ratios. In 1931, however, there were dif- 
ferences in the sugar contents, and these differences were reflected 
in the drying ratios. 

Three pickings of fruit at weekly intervals were used in storage 
tests. These pickings were divided into four lots as follows: (1) 
held at 32 degrees F., (2) held at 50 degrees F., (3) held at 32 de- 
grees F. for 2 weeks after which it was held at room temperature, 
and (4) held at 50 degrees F. for 2 weeks and then kept at room 
temperature. The fruit held continuously at 32 degrees and 50 de- 
grees F. for approximately 2 months showed no differences in keep- 
ing qualit}'. Of the fruit "first held in cold storage and then exposed 
to room temperatures, that from treatment A kept, on the average, 
from 1 to 3 days longer than that from the other two treatments. In 
other words, the keeping qualities of the grapes, like those of peaches 
(4), were not materially affected by high soil-moisture contents dur- 
ing the ripening period. 
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Experiments with Emperors 

Experiment. > were also carried on in 1931 with Emperor grapes 
near Sanger cin a San Joaquin loam soil, having a hardpan layer at 
about 6 feet. The nicn’sture equivalents of the top ? feet of soil vary 
from about 5.5 tr? 10.5 i;er cent, and the permanent wilting percent- 
ages from 3 to 5 per cent. The general procedure followed in 

the experiments was the same as with the Thompsons. The fruit was 
picked Xovember 3, or about 2 months later than the Thompsons. 


TABLE II—SuGAR .\ND Acid Coxtknts. and Size of Emperor Grapes. 

November 3, 1931 


Treatnen: 

1 

1 Balling 
! (Degrees ^ 

Acid as 
Tartaric 
(Per cent) 

Sise of 
Berries 
(Cms.) 

Average 
Weight of 
Berries 
(Grams) 

A."7'""'”Trrrr7rrrr*v' 

: 20.2 

i 0.47 

l.Si cb.007 

4.21 

B 

; 19.0 

1 0.4o 

1,SS±.007 

4.28 

C 

1 20.7 i 

i 0.48 1 

l.S9=b.008 

4.20 


The soil moisture did not reach the permanent wilting percentage 
in any of the treatments, ])ut in treatment B which received its last 
irrigation on August 3, it was close to this soil -moisture condition 
toward the end of the season. The soil-moisture in treatment A was 
well above the [)ermanent wilting i>ercentage throughout the season 
and, in fact, was aliove the moisture equi\'alent for a considerable 
{Kirtion of the time. This high moisture content was the result of fre- 
quent irrigations, and a lack of adequate drainage due to the presence 
of the hardpan layer. There was a marked difference in the amount 
of readily availalde soil-moisture in treatments A and B, especially 
during September and October. The omission of one irrigation late 
in the season allowed the soil-moisture in treatment C to more nearly 
approach the permanent wilting percentage than it did in A. Treat- 
ment A received nine: treatment B, two: and treatment C, six irri- 
gations. 

The growth measurements of the Emperor variety, which nor- 
malh^ ripens about 2 months later than the Thompson, showed 
that the Wries in all treatments did not increase in size after the first 
week in September. The acid content, likewise, remained practically 
constant after this date. The sugar content, however, continued to 
increase until the fruit was picked. The curves showing the changes 
in size, sugar, and acid content were substantially the same for all 
treatments. 

No drying tests were made with this variety as it is essentially a 
table grape, but storage tests similar to those^with Thompson were 
conducted. No evidence of differences in the keeping qualities of the 
fruit from the various treatments could be detected. The data for 
Emperor are given in Table II, from which it is evident that no sig- 
nificant differences were obtained in the values from the different 
treatments. The vines in this experiment did not wilt as they did in 
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treatment B with the Thompson, All treatments had readily available 
soil-moisture throughout the season, and no difterences were obtained 
in the growth or quality of the fruit, even though there was a marked 
diflference in the amounts of readily available soil moisture. 

Conclusions 

The general conclusions that may be drawn from results obtained 
thus far are that the growth and fruiting of grape vines, like those of 
peach trees (4), proceed in a normal manner if a supply of readily 
available moisture is maintained in the soil throughout the season. 
The moisture may fluctuate lietween the field capacity and the per- 
manent wilting percentage, with no responses unless it is depleted to 
the latter condition and remains there for a considerable period. It 
was surprising that the results obtained with the Thompson did not 
show any greater differences than they did, because the B treatments 
were subjected to severe soil-moisture conditions. 

Individual fruits of the Thompson and Emperor varieties reached 
approximateh' full size several weeks before the\' were fully mature 
as measured by color and by sugar and acid content. The size of the 
fruit was not influenced by water applied to the soil late in the season. 
Changes in maturity of ^ both Thompson and Emperor proceeded 
regularly late in the season even when there was a marked difference 
in the soil-moisture contents of the \^rious treatments. The keeping 
quality of the grapes from the treatments, irrigated more frequently 
than necessary, was fully as good as that from the treatments in 
which the final ap[)lication of water was made 214 or 3 months before 
the crop was picked. No deleterious results were obtained when the 
vines were irrigated frequently during the latter part of the ripening 
period. 
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Anatomical Differences in Pecan \"arieties that 
Fruit Differently 

By A. H. Fixcii, Cnhcrsity of Arizona, Tucson, Ark. 

^ERTAIX varieties of pecan trees in the Vuma Valley of Arizona 
produce some unfilled nuts popularly termed “sticktights.’' Such 
nuts at liarvest time contain a seed coat comparable to that in well- 
filled nuts but in which little or no food materials have been stored. 
Food materials, if present, are to be found in the region near which 
the hypocotyl ordinarily lies. The shell does not mature at harvest 
time; likewise, the shuck remains green and adheres tightly to the 
shell. Sticktights are commonly borne on trees of the Kincaid variet}^, 
less so on those of Halbert. They are produced only to a limited 
extent on trees of Burkett, Success, Schley, Clark, and other varieties. 

The production of sticktights has generally been thought by grow- 
ers and others to be related to defective pollination. Some circum- 
stances, however, have suggested that factors other than pollination 
may also be important. An investigation of the matter of filling was 
begun in September 1931. Some preliminary data have been obtained 
to date. 

That growth character and leaf size may be related to some phases 
of fruiting in the pecan has been suggested (T). It was observed 
early in the present study that trees of the Kincaid and Halbert 
varieties bear rather small leaves and that they have many short and 
slender shoots with short internodes and small lateral buds. Kincaid 
appears also to produce a number of long shoots tapering from base 
to tip. These latter often do not blossom concurrently with their 
growth but appear to give rise the next season to se^^eral weak fruit- 
ing shoots. By comparison, Schley and Burkett trees have larger 
leaves. They produce a greater proportion of moderate!}’ long and 
uniformly thick shoots which have larger lateral buds. Fruiting 
shoots arise almost entirely from the more distal buds of the previous 
year’s growth. 

These observations seemed to indicate that the failure of the nuts 
to fill might be related to the kind or amount of growth produced. 
Five hundred to 1,000 nuts were collected a few days prior to harvest 
from strong and from weak fruiting shoots (1) of Kincaid, Hal- 
l)ert, and Burkett trees all growing in the same grove. These gave the 
data presented in Table L 

These data seemed to suggest that for Kincaid and Halbert at least 
there might be some relation between growth character and the pro- 
duction of sticktights. It seems equally evident from these data and 
from many observations that growth character and the accompanying 
leaf area alone are not completely correlated with filling. The number 
of nuts per shoot seems to enter in. A. strong shoot bearing man}' 
nuts was observed to commonly have one or two sticktights. On 
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weak shoots having an equal number of nuts a larger proportion of 
sticktights was general!}* apparent. Nuts borne singly on strong 
shoots were obsen^ed to be well-filled generally, whereas single nuts 
on weak shoots were often sticktights. 

TABLE I — Per Cent Sticktights of Total Xcts Sampled, Yuma Valley, 

Arizona, 1931 


Kincaid ‘ | Kalbcrt' Burkett 


Weak shoots j 30.9 ! :32.4 5.9 

Strong shoots 25!f} 17 A I fkS 


, according to the oxxi'ner's record produced up to I'4t> pounds of marketaVjle nuts for 
each Kincaid and U..> pounds for each Halbert tree. 

Studies of anatomical structures in shoots of different varieties 
were made as one means of obtaining an index of nutritional condi- 
tions within trees of the different varieties. 

Strong fruiting shoots carefully selected for type (1) were col- 
lected from trees of different varieties on September 9, October 10, 
and October 28, 1931, and stored in formalin-alcohol-acetic acid 
solution. This procedure did not give exactly comparable shoots. The 
''strongest” shoots obtainable of Kincaid, particularly, and of Halbert 
to a lesser extent were not so uniformly thick from base to tip nor 
did they have such long terminal internodes as those from Burkett 
and Schley. 

Freehand transverse sections were made at the tip and base of the 
shoots. These were stained with iodine in potassium iodide and 
mounted in a glycerine solution of the same. Data for ratio of xylem 
parenchyma to xylem fibers were obtained by counting cells in 10 to 
15 representative fields of the last fonned or outer xylem. 


TABLE II — Ratio of Xylem Parenchyma to Fibers in Outer Xylem of 

Strong Shoots 


1 

1 

Kincaid 



Schley 

Tip of shoot 

1 .22 I 

.50 

.69 

.66 

Base of shoot 

1 .28 1 

.39 

.38 

.44 


These preliminary data indicate differences in the proportion of 
parenchyma to fibers in the outer xylem of shoots of similar type in 
the different varieties. However, more complete data must be ob- 
tained before this point can be definitely proposed. 

It is of interest that the varieties observ^ed to have a high paren- 
chyma to fiber ratio in the xylem are the ones which commonly have 
a low proportion of sticktights. (Data obtained on percentage of 
sticktights in different varieties this year gave Kincaid 31.2, Halbert 
25.1, Burkett 7.1, and Schley 9.7.) It has been previous!}- reported 
(2) for the apple that the accumulation in the shoot of an abundance 
of carbohydrates during the summer is accompanied by the forma- 
tion of many parenchymatous cells in the xylem. 
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The “strong” shoots of the dilterent varieties collected in C)ctol.)er 
were found to be unlike in starch content as obserA'ed in the sections, 
for anatomical study. At the tip of the shoots, Kincaid had only a 
trace of starch in the pith and none in the xylem; in the Halbert,, 
starch was fairly abundant in the pith with a trace in the xylem ; 
Burkett had only a trace of starch in both pith and xylem ; in Schley 
it was fairly abundant in both. At the base of the shoots, Kincaid 
had no starch in the xylem but contained it fairly abundantly in the 
pith; in both Halbert and Burkett starch was abundant at the edge 
of the pith but absent at the center and fairly abundant in the xylem ; 
in Schley it was abundant in both pith and xylem. Throughout the 
varieties no starch was observed in phloem or cortex, Secondar}' 
thickenings of ])ith cell walls appeared to be present wherever starch 
was present in the cells. 

Importance is attached to differences of gi-owth character, ana- 
tomical structiu’e and starch content as indicating physiological dif- 
ferences between varieties. The rate or time of, or degree to which 
carbohydrate formation and storage occurs in trees of a variety ma}' 
be important in influencing the filling of the nuts of the variet}'. The 
“meat^' of the nut, formed during late summer, contains materials 
chemically related to carbohydrates. Whether fats present in the 
nut are formed from carboh}' drates or directly fi*om lower compounds 
as by tlie combination of fatty acids with a trihydric alcohol is of 
course unknown. The presence (3) of a substance, giving some 
reactions of dextrose in the liquid contained within the seed coat 
previous to the formation of the “meat” may indicate that the forma- 
tion of fats is associated with an earlier presence of sugars. 

The data and observations presented in this paj^er are preliminar}’ 
and not final. They have, however, raised the question — ^may not the 
failure to fill of many nuts on trees of some varieties be related to 
physiological conditions within the tree and characteristic of tlie 
variety, rather than directly to imperfections in pollination or fertiliza- 
tion? Further investigations of the matter of filling will cotisist of 
physiological studies and of studies of pollination. 
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Endosperm and Embryo Development as Related to 
Filling of Pecans and Walnuts 

By D. V. Shuhart, Oklahoma A. & M. College, Stillwater, Okla. 

IN 1927 McHatton and Woodroof (1) pointed out that a membrane 

exists in the cavities which are formed in the center of pecan 
kernels and mentioned that the origin of this membrane was unknown. 

Recently it was pointed out in a non-technical article (2) that the 
cotyledons of pecans and walnuts are folded and the '^cavity'" in the 
so-called “half kernels"' of the pecan is the space between the folds. 
Mature nuts which had been examined for that study had no spaces 
between the folds. The cotyledons were so tightly pressed together 
that only a double line of epidermis, observable under a microscope, 
marked the place where the space had been. It was concluded that this 
epidermis was the membrane to which McHatton and Woodroof (1) 
referred. Later studies however, revealed that a membrane did exist 
between the folds of the cotyledons, thus confirming the above ob- 
servation. This membrane is very thin and in transverse sections of 
well-filled kernels, in which no vacant space exists, it appears as a 
part of the outer walls of the epidermal cells. In dissections of boiled 
pecan kernels, under a binocular dissecting microscope, the membrane 
may be seen quite plainly. In some varieties which have a large 
“cavity" in each half kernel the 'membrane may be observed easily 
with the naked eye. 

The origin of the membrane was determined by a study of the de- 
velopment of the embryo. After fertilization the zygote usually re- 
mains dormant until the latter part of July or the first of August in 
the varieties examined. There is some variation in the time at 'which 
the embryos of different varieties begin a rapid enlargement but this 
usually occurs about the first of September at Stillwater, Oklahoma. 
The period of rapid enlargement covers approximately 6 weeks. In 
this time the embryo develops from approximately the 64-cell stage 
to a full grown embryo which almost completely fills the cavity of the 
shell. Before the embryo begins its enlargement the integument of, 
the ovule, which becomes the seed coat, has been expanded to the 
shape and size which it will eventually have as described by Woodroof 
and Woodroof (4). • 

The integument is lined with a gelatinous mass of endosperm con- 
sisting of very thin-walled cells which are more or less hexagonal in 
tangential sections. The space inside this endosperm is filled with a 
clear watery liquid which has an acid reaction and which rapidly re- 
duces Fehling's solution. 

The embryo develops with its hypocotyl pointing toward the micro- 
pyle and its cotyledons oriented transversely to the septum. (Fig. 
1). Early in its development each cotyledon begins to divide into 
two lobes. The cotyledons are thus divided before they come in con- 
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tact with the septum. One lobe to each cotyledon grows into the 
cavity on the other side. Each half kernel is thus made up of half 
of each cotyledon rather than of an entire cotyledon as Woodroof and 
\\'oodroof (4) believed. 

The cotyledons are relatively thin at first. The\^ grow close to the 
inner wall of the integument, following its contour so that the outer 
face of even the young cotyledons assume the shape of the mature 
kernels (Plate I, A). The general mass of endosperm is surrounded by 
them. They continue to follow the walls of the integument in their 
growth so that eventually even the endosperm in each cavity of the 
shell is surrounded by the cotyledonary leaves. 

Further growth of the embryo is principally a thickening of the 
cotyledons- The endosperm is absorbed by the cotyledons as they 
grow but after the contents of the thin-walled endosperm cells have 
been absorbed there remains a remnant of endosperm consisting of 
some of the empty thin-walled cells which have been compressed to- 
gether by the pressure of the growing cotyledons (Plate I, B). This 
remnant of endosperm is the membrane in question. There are no liv- 
ing cells of the membrane. It is dead tissue which has not been digested 
and absorbed by the embryo. Some of the cell walls of the endosperm 
have also been digested and absorbed. It is difficult to explain why 
all of them were not digested. 

The deA^elopment of endosperm precedes the develojiment of the 
embryo but it continues to deA^elop after the embryo has begun to 
grow. All}' cultural or climatic factors which interfere with the de- 
velopment of the endosperm will be reflected in the development of 
the embryo. 

It has recently been shown by Sitton (3) that the removal of 
leaves progressively affects the number of nuts per cluster which can 
be filled. Sitton also indicated the amount of filling which nuts in a 
cluster can attain with a given number of leaves. Observations made 
at the Oklahoma Experiment Station roughly substantiated these 
findings but they also indicated that the time of removal of the leaves 
is an important factor. 

Removal of leaves from shoots after the embryo was approximately 
one-third to one-half grown did not stop the embryo from enlarging 
and the consequent filling of the nut. Apparently sufficient food ma- 
terial was present in the nut for the continuation of embryo growth. 
The fact that the liquid of the vacuole inside the endosperm strongly 
reduced Fehling’s solution indicates that a large amount of carbo- 
hydrates are in this area prior to the rapid enlargement of the embryo. 

One would hardly expect the hexose equivalent of this liquid ma- 
terial plus the endosperm and the young embryo to be equal to the 
hexose eqiUA^alent of the oily cotyledons of a mature embryo, yet 
that is what these late defoliation results seem to indicate unless addi- 
tional carbohydrates move into the nuts from other branches. 

IVhen the growth of the embryo has been arrested by insufficient 
endosperm, the shape of the mature kernels may be exactly the same 
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Plate I 

A. Cotyledons of a pecan embryo. (Cj) first cotyledon, (C^) 
second cotyledon, (1) integument 
Knclospenn between the folds of the cotyledon, I — integu- 
ment, C — cotyledon, E — endosperm. 
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as they would have been if such arrest had not occurred but the 
space between the folds which had been occupied by endosperm will 
be vacant except for the membraneous remnant of thin-walled cells. 
Such kernels are very light, of poor quality, and are disappointing 
to the consumer. 
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Some Characteristics of Pecan Varieties as Determined 
by Cracking Test^ 

By M. E. Gardner and J. H. Beaumont, North Carolina 
State College, Raleigh, N, C. 

VHE data summarized in this paper are based on the characteris- 
tics exhibited by the varieties under test regardless of their 
commercial importance as to production, adaptability, suscepti- 
bility to disease or other factors. The planting originally consisted 
of 28 varieties, but 4, namely, Texas, Sovereign, Mobile, and Appomat- 
tox were not considered in this summary because of lack of suffi- 
cient data. The test covers a period of 12 years and no variety was 
considered for which data were not available for a period of at 
least 6 years. 


TABLE I— Pecan Varieties Arranged in Order According to the Average 
Number of Nuts per Pound 


Variety 

Nuts 
per Lb. 

Per cent 

Unbroken Halves 

Per cent 
Meat 

Monarch 

59 

70 

48 

Capital 

61 

70 

45 

Rome 

63 

71 

38 

Centennial 

67 

74 

47 

Stuart 

70 

80 

48 

Teddv 

71 

81 

53 

Pabst 

72 

78 

45 

Van Deman 

72 

68 

45 

Success 

72 

78 

53 

Alley ' 

75 

93 

50 

Moneymaker 

76 

88 

46 

Protscher 

1 78 

95 

49 

Magnum 

! 81 

72 

45 

Randall 

! 82 

84 

47 

Delmas 

85 

90 

46 

Louisiana 

87 

77 

42 

Senator 

87 

60 

47 

Schley 

88 

78 

60 

Russell 

94 

97 

55 

Teche 

97 

86 

45 

Mantura 

97 

93 

49 

Sweetmeat 

99 

74 

47 

Dewey 

108 

55 

41 

Curtis 

109 

70 

55 


The test was outlined as a systematic study of the internal and 
external characteristics of the 24 varieties studied. The nuts were 
produced in the Coastal Plain section of the State, where the pre- 
vailing soil type is of the Norfolk series. Each bearing year, one 
pound of nuts was weighed and counted and then cracked with a 

^Published with the approval of the Director as N. C. Agricultural Experi- 
ment Station, Res. Paper No. SO. 
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Perfection nut cracker which applies pressure to the ends of the 
nuts. As cracking proceeded, the numbei" of unbroken, broken and 
shrunken kernels was determined as well as faulty kernels and 
empty nuts. Records were made also of the thickness of shell, 
partitions, texture, kernel condition and quality. The meats were 
weighed and the percentage determined. 

No correlation was found between per cent of meat and annual 
yield, or between per cent of meat and precipitation for the months 
of August, September and October. No correlation was found of 
per cent of meat between varieties. The yield records of a number 
of the varieties included in this work will be discussed in another 
paper. 

It was found that the per cent of meat varied greatly between 
varieties and also with the same variety in different years. Schley 
for example gave a high of 64 per cent and low of 51 per cent, 
while the average for the 12-year period was 60 per cent. Dewey 
with 27 per cent meat in 1917 was the lowest of any variety recorded. 

Varieties are arranged below according to the average per cent 
of meat produced. 


50 to 60 per cent 

Schley 

Russell 

Curtis 

Success 

Teddv 

Alley 


46 to 49 per cent 

Frotscher 

Mantura 

Stuart 

Monarch 

Senator 

Sweetmeat 

Randall 

Centennial 

Delmas 

Moneymaker 


3S to 45 per ce7it 

Pabst 

Capital 

Teche 

Magnum 

Van Deman 

Louisiana 

pewey 

Rome 


Cracking quality is generally thought of as determined by the 
number of unbroken halves secured. If this be the case and a 
standard is adopted based on the percentage of unbroken halves, 
the varieties fall into the following groups : 


Very Good Good Medium Poor 

(Above 89 per cent) (75 to 89 per cent) (70 to 74 per cent) (Below 70 per cent) 


Russell 

Moneymaker 

Centennial 

Van Deman 

Frotscher 

Teche 

Sweetmeat 

Senator 

Alley 

Randall 

Magnum 

Dewey 

Mantura 

Teddy 

Rome 


Delmas 

Stuart 

Curtis 



Schley 

Monarch 



Success 

Capital 



Pabst 

Louisiana 


Thickness of shell varied little from year to year and there is 
apparently little or no relation between thickness of shell and the 
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number of unbroken kernels obtained in cracking. The classifica- 
tion of varieties based on this character is presented below : 


Thin 

Medium 

Thick 

Curtis 

Mantura 

Senator 

Russell 

Centennial 

Rome 

Alley 

Delmas 

Randall 

Frotscher 

Magnum 

Monarch 

Schley 

Pabst 

Moneymaker 

Sweetmeat 

Stuart 

Louisiana 


Teche 

Dewey 


Teddy 

A"an Deman 

Success 

Capital 


Kernel texture is of considerable interest. So far as this char- 
acter is concerned, 16 of the varieties were classed as fine-grained, 
while Capital, Dewey, Frotscher, Louisiana, Magnum, Monarch, 
Randall, and Rome were coarse. In addition to being coarse, 
Capital, Frotscher, Louisiana, Magnum, Monarch, and Randall 
were more or less dry and chaffy. Brightness of kernel is usually 
associated with fine-grained meats. 


TABLE II— Arbitrary Classification of Varieties According to Quality 


Excellent 

Very Good 

Good 

Fair 

Poor 

Schley 

Centennial 

Alley 

Curtis 

Delmas 

' Mantura 
Mone3nnaker 
Russdl 

Stuart 

Success 

Teddy 

Van Deman 

1 

Dewey 

Frotscher 

Louisiana 

Monarch 

Randall 

Rome 

Senator 

Sweetmeat 

Teche 

Capital 

Magnum 


Since quality is largely a matter of personal taste, records wei'e 
made by a number of workers. It is believed that the classifica- 
tion given in Table II fairly represents the quality and flavor of 
the meats for the period tested. 




Performance Records of Pecan Varieties in 
North Carolina^ 

By J. H. Beaumont, M. E. Gardner, and Robert Schmidt, 
North Carolim State College, Raleigh, N. C. 

JN the fall and winter of 1906 variety tests and experimental 
blocks of pecans were set out at the Upper and Lower Coastal 
Plain Branch Experiment Stations." Approximately 70 trees of 23 
varieties were planted at each station. In most cases there were 
three trees of each variety. In addition, solid blocks of 28 trees 
each of Stuart, Schley, Van Deman, and Frotscher were set out for 
pruning, cultural, or fertilizer tests. The trees were set 40 feet 
apart. 

The Upper Coastal Plain Station is located near Rocky Mount, 
in Edgecombe County, approximately 100 miles north of the Lower 
Coastal Plain Station, which is near the northern boundary of Pen- 
der County near Wallace. The soil on which the groves are located 
is classed as the Norfolk Sandy Loam, but is deeper, more uniform, 
more fertile and has been given better treatment at the Upper 
Station than at the Lower. The trees have made better growth 
and in general are more thrifty and vigorous. In 1926-7 alternate 
trees were removed to provide room for the proper development 
of those remaining. At the Lower Station no trees have been re- 
moved except several near buildings or that have succumbed from 
disease, accident, or other causes. 

Many trees at both stations began to bear in 1912, but it was not 
until 1915 that all the trees had a crop. Consequently, for the pur- 
poses of the present report, the first 3 years’ yield records have been 
discarded. Only those varieties which are of commercial im- 
portance in North Carolina and those trees on which continuous 
yield records have been secured are considered here. Schley, Van 
Deman, and Stuart, are the only varieties of which there are suffi- 
cient numbers of trees to give a fair average. Moneymaker and 
Alley are included for comparison. Schley and Van Deman are 
apparently poorly adapted to the soils of the two stations, although 
the trees have received uniform if not the best commercial care. 
The yields obtained may not be representative of commercial 
groves in North Carolina, though of course the trees have not been 
neglected and the groves are located on soils similar to those of the 
larger plantings in the State. 

’Published with the approval of the Director as N. C. Agricultural Experiment 
Station. Res. Paper No. 51. 

“Credit is due former State Horticulturists and their assistants, the Superin- 
tendents of the respective Branch Stations and the present organization of the 
Experiment Station and State Department for accumulating the records and 
for carrying on the work during the past 27 years. 
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A summaiy of the performance records, 1915 to 1931, at the two 
stations is given in Table I. 


TABLE I — Yield in Pounds per Tree of Pecan Varieties, 1915 to 1931 



1 Lower Coastal Plain 

Upper Coastal Plain 



Average Annual Yield 


1 Average Annual Yield 

Variety 







i 




No. 

1915- i 

1923- 

Per 

1915- 

No. 

1915- 1 

1923- 

Per 

1915- 


Trees 

1922 

1931 

cent 

1931 

Trees 

1922 I 

1931 

cent 

1931 





In- 





In- 





cresuse 





crease 


Schley — 
Van De- 

15 

2.19 

8.93 

308 

5.76 

15 

7.84^ 

8.77 

12 

8.33 

man . . . 

15 

1.15 

5.52 

380 

3.46 

18 

4.36 

5.26 

21 

4.84 

Stuart 

18 

9.52 

13.70 

44 

11.73 

14 

8.86 

9.80 

11 

9.36 

Alley 

Money- 


5.81 

17.74 

204 

12.13 

1 

11.16 

44.61 


28.87 

maker 



45.15 


29,82 

2 

9.75 

45,34 


28.59 

Total 

53 





50 





Weighted 











average 
per tree 
all varie- 











ties 


4.98 

11.45 

130 

8.41 


7.91 

9.97 

42 

8.58 


At the Lower Coastal Plain Station, all varieties increased con- 
spicuously in the second period over the first. Increases of the 
second over the first period ranged from 44 per) cent for Stuart to 
380 per cent for Van Deman, The increase for all varieties was 130 
per cent. The condition at the Upper Coastal Plain Station is quite 
different. The increases range from 11 per cent for Stuart to 365 
per cent for Moneymaker. The average increase per tree for all 
varieties is only 42 per cent as compared to 130 per cent at the 
Lower Coastal Plain Station. This seems anomalous since the 
trees came into bearing earlier and yielded more from 1915 to 1922 
(7.86 lbs. and 5.57 lbs.) but the average annual yields per tree were 
approximately equal at the end of the test (8,58 and 8.41). This is 
true in spite of the fact that the trees have grown better and in 
general are larger and have received somewhat better treatment. A 
partial explanation of this condition is apparent in the following 
treatment. 


Annual Deviations in Pecan Yields 

It is reaso^nable to assume that pecans should increase in yield 
annually until full maturity and finally decline. This should be true 
because of the increasing capacity of the tree as it grows. A 
pecan tree, however, does not increase uniformly in yield because 
of several factors, such as, diseases and insects, weather condi- 
tions, or a biennial bearing habit. There are deviations even though 
the general trend is upward. We have assumed, therefore, that 
the trees being young and the general yield increasing during the 
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period of our study, a straight line curve would fit the data as well 
as any and would be a valuable aid in interpreting the yield ten- 
dencies, Straight line curves were calculated for the yields of the 
varieties for the period 1915 to 1931 and the annual deviations ob- 
tained. Since the average yields were different, the annual devia- 
tions were placed in percentage of the calculated or expected yield. 
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Ftg. 1. Deviations in pecan yields at Willard, N. C. 

With this treatment the deviations for the several varieties are 
relative and comparable. These data are presented in graphs. 

In certain respects the behavior of the varieties is quite dis- 
similar at the two stations. At the Upper Coastal Plain Station 
there is a decided biennial bearing tendency. The significant fact 
in this regard is that all varieties behave much the same in any 
year, particularly from 1918 on. The yields at the Lower Coastal 
Plain Station are not so decided in this respect and we may tenta- 
tively assume that weather and growing conditions generally are 
more favorable here and compensate for poorer soil. The deviations 
in yield seem not to become much less violent as the trees grow 
older and the deviations at the Upper Station are generally much 
greater than those at the Lower Station. The '^on^* and “off*' years 
do not always coincide at the two stations; in fact the behavior is 
in most cases opposite. Only in 1918, 1919, 1920, 1924, and 1925 is 
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there a distinct correlation between the behavior of the varieties 
as a group at the two stations. 

At the Upper Station 1920, 1923, 1925, 1926, 1928, and 1930 are 
years of complete or practically complete crop failures. The fact 
that five of these failures occurred in the past nine years explains 



the previous observation that the yields at this Station increased 
only 42 per cent At the Lower Station 1921 was the only year of 
complete crop failure, although 1923, 1925, and 1930 were poor 
years in the later period, while 1917, 1918, and 1920 were poor years 
during the first period. 

The fluctuations in yield are rather violent and it would seem 
that it should be a relatively easy matter to associate climatic or 
other factors with them. There was found to be no correlation be- 
tween total annual or total summer rainfall and yield. The distri- 
bution of rainfall by months also was considered. Not all the 
monthly correlations were calculated, however, as it soon became 
evident that the climate of the two stations is subject to violent 
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fluctuations in precipitation, and that unless certain corrections 
could be made the data would be of relatively little value. More- 
over it is doubtful whether the correlations could be considered of 
great significance in view of several other very complicated 
variables which it is difficult to evaluate ; for example, the biennial 
bearing habit, tlie effect of one season’s growing conditions on the 
following season’s behavior, effects of defoliation or twig girdlers 
on yield, etc. To illustrate this point the following correlation 
coefficients are given. 


TABLE II — Correlation Coefficients of Deviations in Weighted Average 
Yield of Eight Varieties and of Monthly Rainfall 


Station 

May* 

June 

July 

Upper 

r = -h.580 

r=— .084 

r-+.673 

Lower 

r=+.051 

r=+.209 

y=— .456 


Obviously little reliance can be placed in these coefficients when 
one considers the contradictory relations shown and remembers 
how close the stations are together. It is true, however, that 
weather conditions, including frosts and rainfall, are distinctly dif- 
ferent at the two stations and we should seek some explanation for 
the years of total crop failures as for example 1923, 1925, 1926, and 
1930 at the Upper Station and 1921 and 1925 at the Lower Station. 
The most significant years in this respect are 1926 at the Upper 
and 1921 at the Lower Station. At the respective stations both 
of these years were “off” years following an “off” year. For the 
months March to October 1926 at the Upper Station the deficiency 
in rainfall was 10.99 inches, ever}' month except March and August 
showing a deficiency. In 1921 at the Lower Station on the other 
hand there was an excess of 2.16 inches during a like period and 
the rainfall of 36.9 inches was, according to available record, dis- 
tributed as uniformly as would be reasonably expected, the great- 
est variations from normal being — 0.63 inch in September and 
+ 1.48 inches in May. The year 1925 was dry, though not as dry 
as 1926, and these were “off” and “on” years respectively. The 
frost records at the two stations, likewise, do not offer an explana- 
tion of these tendencies. Thus it appears that although the weather 
may have and undoubtedly does have an influence on the bearing 
habit of the pecan tree, other factors which the authors have not as 
yet been able to evaluate by this treatment of the data are also 
operating, and all doubtless vary in importance according to the 
season. . 

The “filling” of the nuts is also supposed to be associated with 
weather conditions, particularly rainfall late in the growing season 
and also early frost. The percentage meat may therefore be a more 
sensitive index to adverse conditions than total yield. The devia- 
tions of percentage meat from the average of the several varieties 
is given in Table III. 
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These data indicate Alley to be the most and Stuart the least 
variable of the five varieties. The most important feature of the 
table, however, is that in only 4 of the 11 years have the varieties 
behaved in unison, namely, in 1915, 1917, 1919, and 1927. In these 

TABLE III— Annual Deviations in Per cent Meat in Five Pecan Varieties 


Deviations in Per cent Meat 


Year 

Schley 

Van Deman 

Stuart 

Moneymaker 

Alley 

1915 

+2 

+4 

+3 

+2 

4-1 

1916 


—3 

0 

—2 

-h2 

1917 

—1 

— 8 

—3 

-4 

—4 

1918 

-f-4 

—3 

0 


—2 

1919 

+3 

+5 

+2 

4-4 

4-8 

1920 

— 4 

•fo 

+3 

—5 

+2 

1921 

—7 

—1 

—4 

+ 1 


1922 

+1 

—6 

0 

+ 1 

—5 

1923 

— S 


—1 

— 

—13 

1924 

+4 

— 3 

—1 

— 

— 

1925 


— 

— 

— 

— 

1926 

+2 

—2 

0 

—3 

-hi 

1927 

+3 

+4 

0 

4-7 

4-7 

Average per 
cent meat . . 

60 

45 

! 48 

46 

51 


years the plus and minus deviations in per cent meat coincide with 
plus and minus deviations in yield which would indicate that conditions 
favoring yield would likewise be favorable to the filling of the nuts. 
However, in general, the varieties do not behave uniformly and 
such a generalization seems unwarranted. The coefficients of corre- 
lation of percent meat between three of the varieties are as follows : 


Stuart and Van Deman r = -j-.511 

Stuart and Schley r = -^-•■097 

Van Deman and Schley r = -^-,329 


The coefficient of correlation between per cent meat and yield of 
Stuart is r=:-[“.157. Obviously, since so little relationship seems 
to exist between the behavior of varieties it would be quite useless 
to attempt to associate weather or other conditions, which are them- 
selves extremely variable, with yield, filling or other characteristics of 
the trees. These data are rather meagre, though they serve, it is 
believed, as valuable indications of the probable future behavior 
of these varieties in their respective locations. 

From these records and from general observation it seems that 
the Upper Station is at the northern limit of economic pecan grow- 
ing in North Carolina, particularly of the long season varieties. It 
is likely, however, that in regions closer to the coast the limit may 
be extended somewhat further north. 

At the Lower Station the soil and care of the trees seem to be 
the chief factors limiting the yields. The fluctuations in yield have 
not been as violent and there have been fewer crop failures than at 
the Upper Station. 






Strawberry Culture in Louisiana 

B}' B. SzYMONiAK^ Fruit and Truck Experiment Station, 
Hammond, La. 

'jpHE strawberry is one of the most important crops grown in 
Louisiana. The total carload shipments in 1923 amounted to 1678 
carloads and in 1931 the total carlot shipments for the season 
amounted to 4720 cars. 

The strawberry in Louisiana is grown as an annual. The plants 
are set out each season during the fall months of October or Novem- 
ber and as late as the middle of December. The fruit is gathered 
from these plants generally in March or sometimes earlier depending 
on the season. The picking season extends- tx) the last week in May 
or sothetimes to the first week in June. 

Plant propagation is one of the most important factors in the cul- 
ture of strawberries in Louisiana. There are three methods followed 
in growing plants for fall setting in establishing the main patch. 

(Method No. 1). As soon as the harvest is over, the pine straw 
or other material with which the plants are mulched is removed. The 
soil is plowed and cultivated to kill weeds and to put the soil into 
proper physical condition for new plants to take root. A 4-12-4 fer- 
tilizer is applied to the plowed soil at the rate of 400 to 500 pounds 
per acre and the fertilizer is worked into the soil by means of a cul- 
tivator. Runner plants are allowed to form in this prepared ground 
and the best of these new plants are selected and set out in October of 
November to produce the main crop ripening in March. 

(Method No, 2). Strawberry plants are obtained from the North 
in March or April and set out on plowed land prepared into beds 4 feet 
wide, and the plants are spaced 15 inches apart. Before the plants are 
set out, the soil is fertilized with a complete 4-12-4 fertilizer applied 
at the rate of 400 to 500 pounds per acre. Runner plants formed 
from the spring set plants are selected and set out in October and 
November for the main crop. 

(Method No. 3). This is known as making plants from July plants. 
The first runner plants formed in May or June in the producing 
patch are taken up and reset on freshly prepared land made up into 
beds 4 feet wide and fertilized with a complete 4-12-4 fertilizer at 
the rate of 40Q to 500 pounds per acre. The plants are spaced 15 
inches apart and frequent cultivation is given them to keep down 
weeds and to keep the soil in proper physical condition. If the season 
is dry during the months of July and August the plants are irrigated 
by flooding the middles with water. The first and second plants 
formed on the July set plants are selected and reset in October or 
November to establish the main producing strawberry patch. 
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Comparing the above methods of plant propagation, plants selected 
from July set plants produced an average of 13.6 crates more Ijerries 
per acre under identical fertilizer and cultural conditions than straw- 
berry plants set out from unselected plants formed on main producing 
plants. The best results were obtained from the first plants formed 
in August. Runner plants developed in September and October on the 
ends of the runners came into bearing 2 weeks later than No. 1 
plants formed on July set plants. 


TABLE I — Response of Strawberries to Various Fertilizers 


Treatment 

Rate of Application 

Yield per Acre 

N— P— K 

(Lbs. per Acre) 

(24-pint Crates) 

1 


Nitrogen Test 


6 — 8 —“!, 
4-8-4. 
2-8-4. 
0—8—4 , 
Check 


1212.20 

1044.00 

912.00 

771.40 


Phosphoric Acid Test 


4-16-4 
4-12-4. 
4-8-4. . 
4-4-4. . 
4-0-4. . 
Check . 


1729.00 
1368.40 

1044.00 
733.40 
399.00 


Potash Test 


4-8-6. 

4-8-4. 

4-8-2. 

4-8-0. 

Check 


1117.20 

1044.00 

1010.80 

957.60 


213.2 
208.0 
192.4 

175.2 
93.6 


213.9 

208.2 

202.0 

176.8 

109.2 

91.0 


209.2 
202.0 

216.3 
202.9 

98.2 


The other important factor in the culture of strawberries in Louisi- 
ana is fertilizer. The kind of fertilizer and the amounts to apply has 
an important bearing on the yield of berries on our soils which are 
generally low in fertility. 

TABLE II— Response of Strawberries to Various Rates of Fertilizer 

Application 


Treatment N — P — K 

4-12-4 

(Lbs. per Acre) 

yield per Acre 
(24-pt. Crates) 

3000 

220.4 

2000 

231.4 

1500 

228.0 

1000 

208.0 

500 

190.0 

Check 

91.2 


Tables I and II show the results from fertilizer applications, the 
nitrogen being contained in nitrate of soda; the phosphoric acid, in 
superphosphate; and the potash, in muriate of potash. 
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In the test with nitrogen, the 6 per cent nitrogen in a complete fer- 
tilizer gave the best results. In the test with phosphoric acid no 
marked affect on yield of berries was noted. Two per cent potash in 
a 4-8-2 fertilizer gave the highest yield. The yield was the same 
where 6 per cent potash was applied and where no potash was in- 
cluded in the fertilizer mixture. 

In the test with potash, the best yield was obtained on plots fer- 
tilized with complete fertilizer containing 4 per cent nitrogen, 16 per 
cent phosphoric acid, and 4 per cent potash. Decreasing the phos- 
phate caused a reduction in yield of strawberries on this type soil. 

Considering the cost of fertilizer, the best results were obtained 
from the 4-12-4 fertilizer applied at the rate of 1500 pounds per 
acre. The fertilizer was made of the following materials : 


Nitrate of soda 16 per cent 500 lbs. 

Superphosphate 18 per cent 1335 lbs. 

Muriate of potash 50 per cent. ........ 160 lbs. 


Total approximating 1 Ton. 

AH fertilizer plots were replicated six times to overcome soil 
variations as much as possible. The plants received the same cultural 
requirements and were set out within the same time as nearly as pos- 
sible, that is within 10 days. The plants were set 1 foot apart in rows 
3 feet apart or at the rate of 14,000 plants per acre. The plants were 
scraped about the middle of Januar}^ and mulched immediately after, 
within 10 days time, with pine straw. 

On soil types in this section on which strawberries are produced 
nitrogen and phosphoric acid seem to produce the best results on the 
yield of berries. Potash does not seem to affect the yields as much 
as nitrogen and phosphoric acid, the same yields being obtained on 
plots where muriate of potash was applied as on plots where it was 
omitted. 



Studies on the Effect of Chemical Fertilizers Upon 
Growth and Fruit Production of the Black 
Raspberrj'^ 

By W’. F. Cherry,, Purdue University, Lafayette. Ind. 

POR the purpose of this study Cumberland and Plum Farmer varie- 
ties were planted on warsaw loam soil. This soil type was deri\^ed 
from a glacial river terrace where a coarse sandy loam layer overlies 
a stratum of deep gravel. 

Within the past few years some data have been presented on ferti- 
lizer experiments with black raspberries which have shown favorable 
results from the application of nitrogen. The purpose of this paper 
is to report the results of an experiment conducted at Lafayette, In- 
diana, in 1930 and 1931 to determine the effect of chemical fertilizers 
on growth, yield, diameter of cane, and carbohydrate nitrogen rela- 
tionship. 

Thirty- four rows of black raspberries were set in the spring of 
1929. The planting was divided into five plots with a check row be- 
tween each plot. The plots were divided in the center so that the north 
half of each plot received the same treatment as the south half plus 
ammonium sulfate. 

Approximately 40 tons of manure were applied and thoroughly in- 
corporated in the soil previous to the setting of the plants. Chemical 
fertilizers as indicated in' Table I were applied in the spring before 
growth started and on September 20, and cultivated into the soil. 

The length and diameter of new canes were measured in May, pre- 
vious to the blossoming period, on July IS, immediately following 
the fruiting stage, and on November 10, when it was assumed growth 
had ceased. In all cases ammonium sulfate alone or in combination 
with phosphorus or potash when applied at the rate of 300 ])ounds 
per acre, increased the length and cane diameter over those plots re- 
ceiving no ammonium sulfate. From a practical point of view this 
suggests the practice of stimulating growth to secure more vigorous 
plants. 

In a comparison of the yields from the different plot treatments, 
the 300-pound application of ammonium sulfate shows an increase 
in yield, with the same diameter, over the treatments receiving no 
nitrogen fertilizer. This is significant in that it indicates a direct 
relation between vegetative vigor and fruit production. 

The effect of dry weather was of primary importance to the pro- 
ducer in 1930. During this study^ it was noted that tip burning of the 
young canes occurred to a very marked degree on the unfertilized, 
and phosphorus and potash only plots. On the plots receiving am- 

^Submitted to the faculty of Purdue University for the Degree of Master of 
Science in Agriculture, August, 1931. 
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monium sulfate either alone or in combination with phosphorus or 
potash, little or no tip burning occurred. From a chemical standpoint 
it is assumed that the plants receiving nitrogen were able to manufac- 
ture pentosan and protein material in sufficient quantities to hold the 
water during the time of its greatest need. 


TABLE I — Average Yield of Plants in Pounds of Fruit 


Treatment 

No. 

Plants 

1930 

1931 

Unfertilized 

6 

4.109 

8.239 

250 lbs. (sulphate of potash) 

6 

4.150 

8.827 

400 lbs. (20 per cent superphosphate) 

6 

7.730 

12.490 

500 lbs. (sulphate of potash) 

6 

4.467 

11.203 

8Q0 lbs. (20 per cent superphosphate) 

6 

6.752 

10.618 

500 lbs. 2-12-6 

6 


11.324 

300 lbs. ammonium sulfate “ 

6 

4.90 

12.19 

250 lbs. KaO -{-300 lbs. ammonuim sulfate 

6 

5.240 

13.362 

400 lbs. PiOs 4-300 lbs. ammonium sulfate 

6 

5.735 

.13.472 

500 lbs. K»0 +300 lbs. ammonium sulfate 

6 

5.498 

16.298 

800 lbs. P 2 OS+ 3 OO lbs. ammonium stilfate 

6 

6.693 

15.540 

500 lbs. 2-12-6+300 lbs. ammonium sulfate 

6 


15.871 


A comparison of the yield of the plot treatments is given in Table 
1. An increase in the 1931 yield resulted from the use of ammonium 
sulfate alone or in combination with phosphorus or potash. Phos- 
phorus, 500 pounds or more, increased the }ield whether used alone 
or in combination with ammonium sulfate. Sulfate of potash, 500 
pounds or more, increased the yield either alone or in combination 
with ammonium sulfate. Complete fertilizer, 500 pounds, did not 
appear to increase yields over 400 pounds of phosphorus, 500 pounds 
of sulfate of potash alone or in combination with 300 pounds am- 
monium sulfate. 

For chemical analyses 12 uniform undamaged canes were selected 
from each of several plots as shown in Table II. Samples of canes, 
tip growth and leaves were taken July 15 just after fruiting and 
canes and tip growth December 10, 1930. A composite sample of 
leaves from the entire cane was used for leaf analysis. The terminal 
10 inches of the young shoot and 20 inches at the base of the cane 
were used for ''tip” and "cane” analyses respectively. The leaves, 
tip, and cane growth were cut into fine pieces and 0.5 grams calcium 
carbonate added before killing with boiling 95 per cent alcohol. Pre- 
paratory to analyses the tissue was dried and ground sufficiently fine 
in a ball mill to pass through a lOO-mesh sieve. 

Analyses were made for free reducing substances, sucrose, starch, 
and total nitrogen. The Quisumbing and Thomas method was used 
for free reducing substances, Wallerstein Invertase for sucrose, and 
Taka Diastase method for stardi determination. The Kjeldahl- 
Guniiing method was modified for nitrogen 

The results of these analyses are given in Tables II and III. The 
percentage of dry weight was at a minimum in the summer and at a 
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maximum in December. Free reducing substances varied slightly in 
the July samples except that the unfertilized plot was low. Free re- 
ducing substances in December were less where phosphorus was used 
and greater where sulfate of potash was used. Ammoniuni sulfate 


TABLE II — Composition of Raspberry Tissues July 15, 1930, Shown as 
Percentages of Fresh Weight 




Red. Sugars 




Treatment 

Dry Wt. 

as Dextrose j 

Sucrose 

Starch 

Nitrogen 


Unfertilized 


Leaves 

42.70 

1.1385 

1,4888 

1.5230 

0.5984 

Tip grovrth 

34.1163 

0.369 

0.404 

1.3438 

0.5415 

Canes 

42.4957 

0.944 

0.748 1 

1.4903 

0.3534 


400 lbs. P.Os 


Leaves 

... 32.91 

1.0415 

1.310 

1.544 

1,4674 

Tip growth 

... 35.9121 

0.872 

0.736 

0.857 

0.4604 


500 lbs. K,0 


Leaves 

39.810 

1.0900 

1,7365 

1.4534 

1.2087 

Tip growth 

31.3478 

0.800 

0.728 

1.0993 

0.6460 

Canes 

42.405 1 

0.872 

0.628 

1.3650 

0.2172 


300 lbs. (NH 4 ).S 04 


Leaves 

39.9982 

1.1385 

1.5090 

1.6079 

1.2827 

Tip growth 

34.6576 

0.704 

0.866 

1.3843 

0.4898 

Canes 

41.3140 

0.800 

0.676 1 

1.1111 

0.2923 


400 lbs. PA, 300 lbs. (NH 4 ). SO 4 


Leaves 

40.8269 

1.0415 

1.4680 

2.6237 

Tip growth 

27.6568 

0.896 

0.879 

1.1886 

Canes 

44.0449 1 

0.776 

0.727 

1.1601 


1.1884 

0.5784 

0.2945 


500 lbs. K, 0 . 300 lbs. (NH4). SO 4 


Leaves 

40.8774 

1.2105 

1.6276 

1.6123 

1.2336 

Tip growth 

32.6689 

1.0415 

0.997 

1.0682 

0.6512 

Canes 

44.136 

0.995 

0,644 

.0963 

0,3225 


seemed to influence the percentages of these substances but little. 
Sucrose was highest in July in the leaves from plots treated with 
sulfate of potash while this substance occurred in greatest percent- 
ages in canes treated with phosphorus. Ammonium sulfate tended 
to increase sucrose slightly in the tip growth sampled in July. In the 
December samples phosphorus plots produced canes with’ slightly less 
sucrose while sulfate of potash seemed to produce more of this sub- 
stance. Ammonium sulfate influenced the sucrose content very little. 
Starch was highest in the leaves from the phosphorus and ammonium 
sulfate plot and varied little in the other plots. Summer tip growth 
contained a smaller amount of starch where phosphorus was applied. 
Summer canes produced the least starch where ammonium sulfate 
was used and slightly higher amounts in the check plot. 

Phosphorus tended to reduce the starch content of winter tips, 
while sulfate of potash tended to increase starch content of these 
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tips. Ammonium sulfate tended to increase the starch content of 
winter tips except when in combination with sulfate of potash. Starch 
was highest in canes from the potash ammonia plot and least in the 
phosphorus only plot. Nitrogen content decreases from leaves to tips 


TABLE III — Composition of Raspberry Tissue Dec. 10, 1930 Shown as 
Percentage of Fresh Weight 


Treatment 

Dry Wt. 

Red. Sugars 
as Dextrose 

Sucrose 

Starch 

Nitrogen 

Tip growth 

1 48.43 1 

Unfertilized 

2.142 1 1.3805 

1 1.2173 

1 0.4776 

Canes 

1 52.05 1 

! 1.822 

1 2 . 0 o 2 o 

1 1.1624 

1 0.4313 

Tip growiih 

1 48.29 1 

400 lbs. P.C 
1.6745 1 

^5 

1 1.5390 1 

[ 0.7787 I 

I 0.5255 

Canes 

1 47.77 1 

1 1.699 1 

1 2.0365 1 

1 1.0153 1 

1 0.4336 

Tip growth 1 

51.12 1 

500 lbs. K.O 

2.8095 1 1.9190 I 

1.4162 1 

0.6019 

Canes I 

! 51.05 I 

1.945 1 

2.4275 1 

1.2550 1 

0.5167 

Tip growth I 

300 lbs. (NH 4 ) 3 S 04 

1 47.90 1 2.4885 I 2.0645 I 

1 1.4817 1 

1 0.6151 

Canes 1 

1 52.05471 

1.6845 1 

! 2.2945 1 

! 1.2743 1 

1 0.4997 

Tip growth I 

400 lbs. P.Oj, 300 lbs. (NH^)* SO 4 
49.4250 1 1.160 } 1.8635 I 

1.1624 1 

1 0.5221 

Canes 1 

51.9275 1 

1.493 1 

• 1.884 1 

1.4938 1 

! 0.4191 

Tip growth I 

500 lbs. K,0. 300 lbs. (NH^). SO 4 
[ 49.3884 1 3.0295 I 2.024 I 

1 1.3818 1 

1 0.5374 

Canes I 

1 52.8126 1 

2.372 1 

2.391 1 

1 1.5463 1 

1 0.4411 


to canes in summer growth and from tip to base in winter. Nitrogen 
was high in leaves from the phosphorus only plot and low in the 
check. Summer tip growth and canes varied little in nitrogen content. 
Consistent differences did not occur in the nitrogen content of tips 
and canes from the various plots in December. 

The data indicate that the average amount of total carbohydrates 
was much greater during the dormant period than during the growing 
period. Monosaccharides and disaccharides increase as the plant be- 
comes dormant. Under the conditions of this experiment yield and 
size of berries were closely associated with diameter of canes. High- 
est yields were secured where ammonium sulfate was used in com- 
bination with either phosphorus or sulfate of potash. All three ele- 
ments increased yields over the no fertilizer plots if used in sufficient 
quantities. Chemical differences did not seem to be correlated with 
yield differences. Sugars tended to show higher values in plots re- 
ceiving sulfate of potash. 



Notes on the Fall Flowering Habit of the Red Raspberry 

By \V. G. Briekley, University of Minnesota. St. Paid, Minn. 

TN taxonomic descriptions of Rubus and of its commonly cultivated 

species, emphasis is placed on the habit of these plants to develop 
new canes each year which, in the second growing season, produce 
leafy shoots on which the flowers and fruit are borne. Although 
many fall-bearing varieties have been described, the fall-blooming 
and "fruiting habit seems to have escaped attention. Possibly the omis- 
sion is of no great moment. However, the fall-fruiting of red rasp- 
berry varieties has been mentioned more or less frequently since 
McMahon (4) called attention to it in 1806. Crozier (1) in 1894 
described six varieties from i?. idaens, seven fi-om R. strigosus, and 
four others which he classed as hybrids. None of these varieties is of 
any importance at the present time. Darrow (2) in 1917 described 
the fall-fruiting habit of the Ranere variety, and Hedrick (3) in 
1925 described some fall-fruiting varieties. 

It seems hardly necessary to cite these descriptions or otherwise to 
call the attention of pomologists to the fall-fruiting habit of some red 
raspberry varieties. The fall-fruiting varieties of the past and present 
seem to establish the fact that this behavior is, in a minor degree, char- 
acteristic of the species. However, it does seem to have escaped men- 
tion if not the attention of pomologists that at times varieties such as 
the Cuthbert, typical of the summer-fruiting class, form blossom 
buds or even set a crop of fruit in the fall at the tips of new canes. 

Formation of clusters of flower buds at the tips of new canes of the 
Cuthbert variety was observed by R. E. Loree and the writer at 
Grand Ledge, Michigan, in the fall of 1928, but tliese buds had been 
killed by frost. In a subsequent discussion of this behavior, S. John- 
son of the South Haven (Michigan) Station, stated that in the fall 
of 1927 he had picked ripe berries from the tips of new canes of the 
Cuthbert variety. Flowers and fruit have been observed^ at the tips 
of new canes of the Cuthbert, at Pullman, Wash., by C. I-. Vincent 
of the Washington Station and at Puyallup, Wash., by some of his 
students. Obviously the formation of flower buds or fruit is not con- 
fined to the fall-bearing varieties. At least the Cuthbert, and perhaiis, 
other varieties, may flower or fruit at the tips of new canes in the fall 
if seasonal conditions are favorable. Since 1928 the writer has ex- 
amined many raspberry fields in Minnesota including sevei’al varie- 
ties, but the fall-flowering or fruiting on new canes has been observed 
only on the fall-bearing variety Ranere. On the new canes this variety 
produces its flowers both terminally and in the axils of several of the 
uppermost leaves. This flowering habit is much the same as that of 
the lateral shoots arising from the old canes. 

"Noted in correspondence with 0. M. Morris, Washinj^ton Exp. Sta . 
Pullman, Wash. 
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Some questions which arise from these observations are as follows: 
Does the fall-flowering at the tips of new canes occur frequently 
enough to be considered characteristic of the species? Do varieties 
other than the fall-bearing ones show this fall-flowering behavior at 
all frequently? Is fall-fruiting more common in localities where tem- 
peratures favorable to growth continue throughout October? Has 
fall-flowering or fruiting been observed in the wild? Answers to 
these and other questions of like nature will be of interest to pomolo- 
gists or fruit breeders who are working with the raspberry. 
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Growth Studies in the Latham Raspberry' 

By W. G. Brierlev, University of Minnesota, St. Paul, Minn. 

A S a part of a series of investigations relating to the behavior of the 
Lathan red raspberry, studies were conducted during the season 
of 1931 to determine the" time and rate of growth of the fruiting lat- 
erals and new canes of this variety. These studies were carried on at 
the University of Minnesota Fruit Breeding Farm at Excelsior. 

The growing season of 1931 was unusual with respect to abnor- 
mally high temperatures and severe drouth. These unfavorable fac- 
tors seem to have had the effect of retarding growth, particularly in 
the new canes. However, the primary purpose of these studies was 
to compare the time of growth in the old and new canes. The un- 
favorable season does not appear to have affected time of growth so 
much as rate. 


Growth of Fruiting Laterals 

Measurements of the fruiting laterals w^ere started on April 28 as 
the buds began to push out into growth. From that time until June 
22 measurements were made at 4-day intervals except for the period 
between May 18 and 25, when other work interfered. 

One hundred and fifty shoots from the central portion of the canes 
were selected for these measurements. As a general rule only one 
lateral shoot was selected per cane and not more than three well de- 
veloped canes were selected from each normal hill. Measurements 
were made from the old cane just above the point of shoot insertion 
to the tip of the shoots until the terminal flower clusters appeared. 
From that time until growth ceased measurements were made to the 
base of the pedicel of the terminal flower. Losses due to injury fi-om 
wind, cultivation, and picking reduced the number of laterals to 129 
at the time growdh ceased. 

Ten laterals were discarded because they were barren. Growth of 
these barren shoots ceased about May 25 and they were all stunted. 
They ranged in length from 1 to 10.6 cm., the average being 5.4 cm. 
Although neither disease nor winter injury were apparent when these 
shoots were selected it is possible that these cau.ses may have been 
responsible for their stunted growth. 

Low temperature apparently retarded growth between May 6 and 
10. On May 6 the maximum temperature was 32 degrees F. 'and the 
cold weather continued throughout the 4-day interval. Low tempera- 
tures from May 24 to 26 again retarded growth, the effect appearing 
in the measurements made on May 29. 

Blossom buds began to appear on May 18 and were well developed 
by May 29. The earliest flowers appeared on June 6 when a few of 

'Paper No. 1069 of the Journal Series, Minnesota Agricultural Experiment 
Station. 
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the terminal buds opened. By June 14 the majority of the terminal 
flowers were open and all were open on June 18. Although the de- 
velopment of buds and flowers came when growth was declining in 
fate, the laterals continued to elongate until the terminal berries began 
to develop rapidly. The average length of the 129 fruiting laterals 
and the increases during the 4-day intervals are shown in Figs. 1 and 2. 
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Fig. 1. Growth curves of fruiting laterals and new canes of the 
Latham raspberry. 

Growth of New Canes 

Measurements of 200 new canes were begun on May 29. Before that 
date new canes were appearing between the rows. A large proportion 
of these appeared to be a continuation of growth which began late in 
the preceding season. New canes from the crowns or under-ground por- 
tions of the old canes did not appear to start as early. As it was ob- 
vious that only those canes which were located in or very close to the 
hills could escape elimination by cultivation, the canes for this study 
were not selected until a sufficiently large number had appeared in 
the hills. 
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^Measurements were made at 4-day intervals from May 29 until 
Sept. 18. Each cane was measured from the ground until growth ex- 
ceeded 100 cm. It was found unnecessary to prepare a fixed point 
at the bases of the canes as the soil within the limits of the hills was 
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Fig. 2. Seasonal distribution of the growth rate of fruiting laterals 
and new canes of the Latham raspberry. 

not disturbed by culth-ation or rain. To facilitate measuring as the 
canes grew' tall enough they were marked with india ink at the height 
of 100 cm. 

Injuries caused by insects, wind, ailtivation, and picking reduced 
the number of canes until only 140 remained on Sept. 18. Grass- 
hoppers caused the loss of 33 of the injured canes. The tender grow- 
ing tips were eaten and growth stopped. As such injury in nearly 
every case occurred among the tallest and most vigorous canes the 
averages computed for each date from the remaining canes must be 
regarded as below the normal height for the field. Eleven other canes 
discussed later were not included in the averages. The average height 
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of the remaining 129 canes and the increases for each 4-day interval 
are shown in Figs. 1 and 2. 

The data shown in the figures mentioned above indicate a 
definite retarding of growth caused by severe drouth and abnor- 
mally high temperatures. Dry weather prevailed throughout June. 
The cumulative benefit of several light showers is seen in the slightly 
increased growth recorded on June 26. Cooler weather during this 
interval also may have tended to increase the growth rate. Between 
June 26 and 30 daily maximum temperatures reached record high 
points and severe drying winds accompanied these high temperatures. 
Although the temperature ranged lower between June 30 and July 4, 
the drying winds continued. Evidently these conditions brought about 
the rapid decline in growth observed on these dates. Cool weather 
prevailed between July 4 and 8, and the cane growth during that 
period was more than 50 per cent greater than in the preceding inter- 
val. From July 8 to the end of the month, the growth rate declined 
until growth had practically ceased, apparently due to the protracted 
drouth and high temperature. On July 28, wilting was observed at 
the tips of a few new canes. Heavy showers occurred on July 31 and 
August 1, totaling 2 inches of rainfall. The effect of this addition to 
the soil moisture supply is seen in the immediate increase in growth. 
Some canes which had made no growth during the preceding 8 to 20 
days resumed growth at this time. A later examination of the canes 
measured showed a marked shortening of the internodes formed 
during the drouth of July, with longer internodes both below and 
above those of the di*outh period. The hot dry weather evidently 
caused an early maturing of the foliage on the lower portion of the 
new canes. On August 21 many new canes had lost all their leaves 
up to a height of 60 cm. By August 25, many new canes were leafless 
to a height of 100 cm., and some of the weaker canes retained foliage 
on only 10 to 15 cm, at the tips. Moderate temperatures and frequent 
light showers apparently account for the general increase in the 
growth rate between August 1 and 25. After August 25, the rainfall 
was again deficient. Drying winds were frequent and at times were 
accompanied by very high temperatures. These conditions seem to 
have brought about an early cessation of growth as in this locality 
the new canes usually continue to make a slow growth until checked 
by low temperature. The reduction in growth caused by this late 
season drouth probably was not nearly so great as that caused by the 
drouth of July. 

During the latter part of July and in early August a peculiar per- 
formance of some new canes was observed. The growth of these 
canes was checked rather abruptly and terminal buds were formed. 
On account of this behavior these canes were not included in the data. 
Eleven of these canes or 5.5 per cent were noted among the 200 canes 
studied. Canes Nos. 1 and 98 were typical of this behavior, and their 
growth curves are shown in Fig. 3. The performance of cane No. 98 
is shown also in Fig. 2. With one exception this group of canes made 
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110 further growth. That cane started growth late in the season from 
the hud next to the terminal one but this growth resulted only in a 
rosette of leaves. 

This formation of terminal buds on a small percentage of new 
canes may be of frequent occurrence but it has not been observed 
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Fig. 3. Growth curves of two new canes which formed terminal 
buds in mid season. 

previously by the writer. It is considered possible that this behavior 
was due to the unusual heat and drouth. 

Discussion and Conclusions 

The early season until the middle of June may be considered nearly 
normal. Although there was less than the normal amount of rainfall 
during that time severe drouth was not effective until late June and 
in July. Growth during the early season may be considered normal 
but in late June and throughout July the shape of the growth curves 
indicate that growth was below normal. Although other factors may 
have been operating it seems safe to conclude that the deficient mois- 



brierley: growth of the red raspberry 


187 


ture supply together with high temperatures and drying winds were 
mainly responsible for this decline in growth. Further evidence lead- 
ing to this conclusion is seen in the increase of growth after the rains 
of July 31 and August 1, and the recurrence of decline after August 
25 when drouth again prevailed. Such evidence tends to support the 
contention that the red raspberry plant is very sensitive to variations 
in the moisture supply, and to high transpiration as noted by Dar- 
row (1). 

The possibility that the old and new' canes may actively compete for 
the food and water supplied by the root, and that this competition 
may affect the growth rate has often been the subject of conjecture. 
Although this competition may exist it is not brought out clearh’ by 
these data. In Fig. 1 the two growth curves are essentially parallel 
until the development of flowers and fruit terminates the growth of 
the fruiting laterals. It may be noted from an examination of the 
curves of growth rate shown in Fig. 2 that the decline in the rate of 
the fruiting laterals between June 2 and June 14 is accompanied by 
an increase for the new canes. This possibly may be evidence that the 
rapid growth of the new canes affects the growth of the fruiting 
lateral's. However, the decline in the laterals is so closely associated 
with the development of the flower buds, flowers, and fruit, that it 
appears likely that this development is more effective in checking 
growth of the laterals than is the growth of the new canes. 
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Transpiration in New and Old Canes of the Latham 

Raspberry^ 

By \V. G. Brierley, University of Mimiesota, St. Paul MiniL 

CTUDIES of transpiration in the Latham raspberry were carried 
on during the growing season of 1931. In these studies the 
method devised by Heinicke (3) and also the potometer method were 
used. 

In accordance with the method of Heinicke, small weighing bottles 
containing calcium chloride were attached to the lower and upper 
surfaces of leaves at the base, center, and tip of both new and old 
canes in the field. The bottles containing the calcium chloride were 
dried in an oven for 2 to 3 hours, cooled in dessicators, weighed, and 
taken to the field. After being exposed on the leaves they were re- 
turned to the dessicators and taken to the laboratory where they were 
weighed immediately. On account of the weight of the bottles and 
clamps and the small size of many of the leaves only one bottle was 
attached to a leaf. Normal canes in normal hills were selected so far 
as possible. Duplicate determinations were made at all times and the 
results averaged to obtain the data presented in Table I. As it was 
difficult to find in any one hill two comparable canes of either the new 
or old growth, the duplicate canes usually had to be selected in ad- 
joining hills. Six bottles, one for each cane region and leaf surface, 
were attached to each cane. Because of this arrangement the data 
shown in Table I are not only the averages of leaf positions and sur- 
faces but of the two canes as well 

The time required to place the bottles in position restricted the ob- 
servations to duplicate determinations. Usually it required about 1 
minute to attach each bottle, or 20 to 30 minutes for the 24 bottles 
used. The exact time of attachment was noted for each bottle and 
each one was removed exactly 2 or 3 hours later according to the 
length of time decided on for a given date. On account of this differ- 
ence in the time of attachment and removal, the periods of exposure 
were not quite the same and the determinations are not strictly com- 
parable. Obviously the use of additional bottles would have increased 
the discrepancies. 

Observations were made on July 10 and 23 and on August 5, 12, 
21, and 29. The results for July 10, August 5, and August 29 are 
given in Table I. The data obtained on the other dates were so simi- 
lar to these that they are omitted for the sake of brevity. 

These data show some irregularities which may be due to the vary- 
ing exposure to light and shade, to differences in temperature, or to 
the time of day. However, there i-s a fairly well marked tendency 

^Paper No, 1068 of the Journal Series of the Minnesota Agricultural Ex- 
periment Station. 
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for the transpiration rate of the lower surface of the leaves to be 
greater at the tips of the canes than in the central or basal regions. 
Also there is a marked difference between the rates of the upper and 
lower surfaces of the leaves, the rates of the lower surfaces ranging 
from 2 to 15 times greater than those of the upper surfaces. This 


TABLE I — Transpiration of New and Old Canes of the Latham Raspberry 

(Heinicke Method) 



Surface 

New Cane 

Old Cane 

July 10 2-4 p.m. Mean Max. 83 degrees P. 
Base 

Lower 

.37 

.43 

Base 

Upper 

Lower 

.07 

.09 

Center 

.59 

.26 

Center 

Upper 

Lower 

.04 

,08 


.69 

.96 

Tip 

Upper 

Lower 

.13 

.11 

Aug. 5 1-4 p.m. mean max. 94 degrees F. 

Base 

.74 

.63 

Base 

Upper 

Lower 

.16 

.20 

Center 

1.01 

1 .60 

Center 

Upper 

Lower 

.13 

.16 

Tip 

1.15 

.89 

Tip 

Upper 

Lower 

.19 

.20 

Aug. 2911a.m.~2p.m.mean max.66degreesP, 
Base 

.37 

.41 

Base 

Upper 

Lower 

.18 

.23 

Center 

.40 

.35 

Center 

Upper 

I Lower 

.15 

.14 

Tip 

.64 

.46 

Tip 

‘ Upper 

.23 

.26 


Grams of Water per 100 Sq. Cm. of Leaf 
Surface per Hour 


difference apparently explains the behavior of fruiting canes in the 
field noted by Kuehner.® He observed that if fruiting canes were bent 
over at picking time so that the under surfaces of the leaves were 
unduly exposed to sunlight, .the canes tended to wilt, but did not wilt 
if they were straightened up in a normal position after picking. The 
water loss from the upper surfaces must be regarded as evaporation 
as no stomata have been observed in that part of the leaves. The in- 
creases in the rate of evaporation from the upper surfaces toward 
the end of the season may be due to cracking or other injury to the 
cuticle. The data also indicate a tendency for the transpiration rates 
of the lower leaf surfaces of the old canes to be less than those of 
the corresponding surfaces of the new canes as the season progressed. 

Studies of transpiration by means of potometers were conducted 
at 10-day intervals from July 1 to September 9. The apparatus was 
set up in a greenhouse to avoid the effects of wind movement. Par- 

“Mentioned in correspondence from R. H, Roberts, Wisconsin Agricultural 
Experiment Station, Madison, Wis. 
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tial shade was provided also as previous experience had demonstrated 
that excised canes may wilt if exposed to full sunlight and wind. 
Canes in good vigor and apparently free from disease were cut in the 
field and the butts immediately placed in water. ,1 hey then were 
carried to the greenhouse where they were ])laced in position in the 
potometers and the apertures properly sealed. 

Observations of temperature, relative humidity, and the volume of 
water used by the canes were made at hourly intervals. When the ob- 
servations were concluded the leaves were removed from the canes 
and pressed to facilitate measuring. The areas were obtained later by 
means of a planimeter. No attempt was made to measure the surface 
areas of the canes. The possibility was recognized that the calyx of 
each flower might transpire to some extent until they dried up at the 
end of the harvest season, but as the areas were small they w'ere dis- 
regarded. After an experience with the wilting of the old cane on 
July 31 duplicate canes were used. At the clo'se of each series of ob- 
servations the old and new canes which showed the most regular and 
comparable behavior were selected for the measurement of leaf areas. 

An attempt was made on July 31 to obtain data on the changes in 
the transpiration rate through the hours of daylight. The wilting of 
the old cane soon after noon prevented the completion of these obser- 
vations. Minor difficulties with the apparatus on August 10 prevented 
the recording of the data during the early morning hours so the work 
was repeated on August 20. The data obtained at this time are pre- 
sented in Table II with the transpiration rate calculated in cubic 
centimeters of water used per 100 vsq. cm. of leaf including both 
upper and lower surfaces. 

The performance of these canes and the similar data recorded on 
August 10, indicates that, disregarding leaf areas, the old canes were 
transpiring slightly larger volumes of water than the new ones. The 
total amount of water used for these canes for the time observed 
was 228.1 cc. and 216.3 cc., respectively for the old and new canes: 
for the duplicate pair of old and new canes the figures w’-ere 182.3 cc. 
and 172.6 cc., respectively. These figures indicate that old canes 3 
weeks after the close of the harvest season are capable of removing 
at least as much water from the soil as new canes. 

Table II, in which these data are presented on the basis of equiva- 
lent foliage areas, show that the transpiration rate is somewhat higher 
in the new cane until 3 p. ni. After that hour the rate vs slightly higher 
in the old cane. This behavior is thought to be due to the fact that 
the foliage of the old canes was all developed by June 22, whereas 
new foliage is continuously being formed at the tips of the new canes 
as they grow. The stomatal regulation in these younger leaves may 
be more sensitive than in the older leaves on the old canes. Attempts 
were made to observe the behavior of the stomata but this was pre- 
vented by the dense mat of hairs on the under surface of the leaves. 
These data are in harmony with the observations of Darrow (2) to 
the effect that the growth of new canes of the black raspberry is 
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checked during the middle of the day because of the expected high 
rate of transpiration at that time. 


TABLE II — Transpiration of New and Old Canes of the Latham 

Raspberry 
(Potometer Method) 


Hour Ending 

Temp. 
(Degrees F.) 

Relative 

Transpiration Rates per 100 
Sq. Cm. of Leaf 

Humidity 

New Cane 
(Cc.) 

Old Cane 
(Cc.) 

7 a.m 

66 1 

80 

.21 

.21 

Sa.m, 

68 

71 

.46 

.34 

9 a.m 

72 

67 

.56 

.48 

10 a.m 

77 

56 

.78 

.69 

11 a.m 

79 

57 

.95 

.83 

12 a.m 

81 

48 

1.06 

.84 

1 p.m 

82 

45 

1.09 

.95 

2 p.m 

82 

45 

1.05 

.91 

3 p.m 

80 

44 

.84 

.78 

4 p.m 

79 

37 

.73 

.74 

5 p.m 

79 

37 

.63 

.65 

6 p.m 

76 

48 

.43 

.52 

7 p.m 

73 

53 

.40 

.46 


The data obtained throughout the series of observations are pre- 
sented in Table III in which the transpiration rates are calculated in 
terms of cubic centimeters of water used per hour per square centi- 
meter of leaf. For the greater part of the time the rates for the new 
and old canes were almost identical. On July 31, wilting of the old 
cane lowered the rate materially. No explanation can be oflFered for 
the low rate of the old cane on August 10. The lower rate of the old 
cane on September 9 is thought to be an indication of the decline of 
the foliage. On account of the dry season the old canes were be- 
ginning to decline by September 1, so that the foliage was rapidly 
losing its normal green color and many of the upper leaves were 
drying. The data for the new canes for August 20, August 30, and 
September 9 indicate that transpiration in the red raspberry may 
fluctuate with the temperature. The data obtained earlier in the 
season show the same relation to temperature but as the observations 
were made earlier in the day, comparisons of the rates cannot be 
made readily with the rates determined later in the season. 

Discussion 

The principal conclusion to be drawn from these data is that on the 
basis of equivalent areas there is little difference in the transpiration 
rate of the new and old canes until late in the season. However, the 
old canes generally have a much larger foliage area so the total 
volume of water used is greater for the old canes, at least during July 
and early August. The earlier decline of the foliage on the old canes 
may account for the relative falling off for the old canes both in total 
volume of water transpired and in the rate per unit area. These re- 
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suits indicate that the use of non-toxic dyes previously reported (1) 
may have been a rough measure of the effective foliage areas of the 
new and old canes. 
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Seed and Berry Size of Cane Fruits 

By G. M. Darrow and Hugh Sherwood, U, S. Department of 
Agficuliitre, Washington^ D, C. 

gECAUSE of the importance of seed size in the value of horti- 
cultural varieties of raspberries and blackberries, it seemed of 
interest to obtain some records of seed size to use as a basis for breed- 
ing work and for an understanding of the relation of seed size to the 
economic importance of berries. 

Peitersen (1) has given the average seed weight’ of northeastern 
species of blackberries and dewberries. They ranged from 1.596 
mg. in Rub us alleghaniensis, 1.640 mgs. in R. argiitus, and 1.912 mgs. 
in R, frondosusy to 3.860 mgs. in R. baileyamusy the erect growing 
species having the smaller seeds. Most eastern cultivated blackberries 
and dewberries are varieties or hybrids of these species. 

In the work here reported 10 large berries of each sort were used. 
The seed weight was obtained by getting the average green weight of 
the seed of these ten berries. Table I gives the weight of seed of 16 
varieties and species of brambles as well as that of 24 selfed seed- 
lings of the Logan. This table also gives records of the average 
weight of the ten berries, the average number of drupelets per berry, 
the average weight of seed per berry and the percentage of seed in 
the berries. 

These records show approximately the same maximum weight of 
seed for the largest seeded sorts as found by Peitersen but a con- 
siderably lower minimum for small seeded varieties. The western 
black raspberry has the smallest seed (1.0754) of those studied; but 
the Farmer, a cultivated variety of the eastern black raspberry, 
Riibtis occidentalism has seed with 82 per cent greater w'eight (1.9526) 
The Cuthbert, an American (i?. strigosus) x European (i?. idaeus) 
cross, and the Lloyd George, a European red raspberry (R. idaeus) ^ 
have approximately the same seed size, 1.4319 and 1,4338 respectively. 

Of the blackberry-dewberry group (Eubatus) the wild trailing 
blackberry, R. ursinuSy of the Pacific Coast, has the smallest seed 
(1.3861), being smaller than that of the smallest eastern erect black- 
berry, R, alleghamensis (1.596). A cultivated variety, Ideal Wild, 
referred to R. ursinus, has seed averaging 1.6681 mg. in weight, or 
slightly greater than that of i?. alleghaniensis. The weights for i?. 
tirsiniis are decidedly lower than for others of the blackberry-dew- 
berry group. The seed size of the Lawton (2.302 mgs.) and Stuart 

A mistake in a decimal period in Peitersen’s table is evident, for his weights 
are ten times too large according to our work. The corrected weights for his 
records are used here. 
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(2.5462 mgs.), both erect blackberries and probably hybrids of R, 
alleghanieiisis with some other species, is somewhat larger than that 
of the erect species as given by Peitersen (1.596 to 2.091 mgs.). 
Lucretia, derived from eastern species (i?. haileyanus x R. fioridus) 
has an intermediate size, between the dewberries and the erect black- 
berries ; while Mammoth, a supposed R, ursimis x eastern blackberry 
(hybrid), has also a size intermediate between R. ursimis and the 
erect blackberries. 

The Logan seed size is nearly twice that of R. tirsinus, from which 
it was derived, at least in part, and also nearly twice that of the red 
raspberry varieties Cuthbert and Lloyd George. The Logan seedlings 
from self -pollinated seed had seed sizes ranging from 1.7987 to 
2.9892 mgs., with an average (2.5288 mgs.) almost exactly that of 
the Logan, that of the smallest being about 30 per cent less and of 
the largest 17 per cent greater in weight than that of the Logan. 
More of the seedlings (16) had seeds smaller while only eight had 
larger seeds than the Logan. 

The Himalaya and Evergreen are cultivated forms of the European 
blackberry (Rubus spp,) and have much larger seed than erect-caned 
American species. They compare in size with the seed of the Ameri- 
can dewberry or trailing blackberry species, which range from 3.453 
mgs. in R, flagellaris to 3.860 mgs. in R. baileyamis. The Brainerd, a 
h 3 rbrid between the Himalaya and a variety of the eastern species, 
has seed intermediate in size between these forms. The Nanticoke 
has the largest seed of the erect-caned sorts. It, however, belongs to 
a very diiferent type of species (R. ciincifoliits) from those studied 
by Peitersen and is the American species considered nearest to the 
European blackberries. Its seed size is indicative of this relationship. 

The Young dewberry has the largest seed of those studied (3.8170 
mgs.). It is a cross of the Phenomenal with the Austin Mayes dew- 
berry and probably has larger seed than either. 

In general, the evidence is that the hybrid blackberries and dew- 
berries (and most varieties are supposed to be hybrids) have larger 
seed than either parent. 

Berry Characters 

The weight of berries was obtained for use in studying seed size, 
relative seed weight, and percentage of seed weight. For any variety 
it is not to be taken as the relative size compared with other berries. 
Though berries of the Young were heaviest, those of the Mammoth 
under best conditions may be still larger. Normally, berries of the 
Lloyd George also average larger than those of the Cuthbert. None 
of the Logan seedlings in this lot were as large as those of the Logan, 
though larger fruited selections have been made. 
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It is interesting that the wild black raspberry {Riibus Icucodermis) 
had the largest number of drupelets per berry. The Mammoth and 
Lloyd George had nearly as many, while Logan, Cuthbert, Farmer, 
and Brainerd had more than 80 per cent as many drupelets as R, 
lencoderniis. 

Though the weight of seeds per berry is given, it is for one condi- 
tion only. Growing conditions might change greatly the relative size 
as compared with the total berry weight. The Ideal Wild had the 
lowest seed weight per berr\^ and the Young the greatest. Seed weight 
ranged from 0.0744 to 0.2817 gm. 

The last column of Table I gives the percentage of seed weight to 
total berry weight. The Farmer had much the highest percentage of 
seed weight (8.92), the Evergreen second (5.04), while the Young 
with the largest seed had a very low percentage seed weight and the 
Ideal Wild and Logan slightly lower. Berry weights of Rubus leitco- 
dermis and R. iirsinus were not taken, but inspection of their seed 
weights per berry and a knowledge of the fruit indicate that the seed 
percentage of the former would be high and of the latter low. Only 
one of the Logan seedlings had as low a percentage as the Logan, 
while their average seed percentage was almost exactly 1 per cent 
higher. 

Though the percentage of seed weight of the varieties is listed 
above, it is not a constant and may be expected to vary with condi- 
tions. However, percentage seed weights for those with the highest 
and lowest is considered significant. 

Relation of Seed Size to Seediness 

It should not be concluded that size of seed and percentage of seed 
to pulp are the only measures of “seediness.” In the Young, which 
has the largest seed size of any in this study, the seeds are not readily 
noticed, and the Young is sometimes referred to as the “seedless 
berry.” At least two characteristics other than size and seed percent- 
age affect “seediness,” namely, the manner of attachment of the seeds 
to the fibers, and the hardness of the seeds. The Young is not 
“seedy” because the proportion of seeds to pulp is low, the fibers are 
attached to the seeds, and the seeds are apparently softer than those 
of other sorts. Black raspberries are said to be seedy because the 
seed, though small, are numerous. They constitute a relatively large 
proportion of the total berry and are separate from the pulp so that 
they are very conspicuous. One great difficulty with the purple rasp- 
berries (crosses of black and red sorts) is that they resemble the 
black raspberries in seediness. To obtain good shipping and canning 
berries it is generally considered best to select sorts having berries 
with many drupelets, hence, many seeds per berry, because the drupelets 
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in such berries are crowded and grow together. In such instances, 
large numbers of small seed may be correlated with firmness and 
hence be desirable. Seed size is, therefore, important even though it 
is only one of the factors making up “seediness."' Proportion of seed 
weight to total berry weight is probably more important than seed size. 

Literature Cited 

1. Peitersen, a. K. Blackberries of New England, genetic status of the 
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Use of the Survey Method in Showing Ciiltural Factors 
in Red Raspberry Production^ 

By John T. Bregger, Washington State College, Pullman, H ash, 

^HE “survey’’ is one of the original types of research and dates 
back in tlie history of horticultural investigation to the period 
when the laborator}" and the intensive plot methods were as yet un- 
known or little used. The original intention of a survey meant the 
analysis of a sufficient number of individual cases to permit logical 
conclusions being drawn with respect to the success or value of one or 
more independent practices. 

In the discussion to follow, the survey method is being applied to 
a detailed study in the production and harvesting practices of 69 red 
raspberry farms in Pierce County, Washington, with an attempt to 
determine the best practices for growing this fruit. Unlike most sur- 
veys, this study utilizes a selected group of growers, since the attempt 
is made to determine, not so much the normal or average practices, 
as those practices which are applied by the most successful growers 
of the industry. The survey includes only bearing fields and all varie- 
ties are treated alike. 

The information required was secured by two or more calls on each 
grower, the first at the beginning of the harvest season, when a study 
was made of the soil, cultivation, fertilization, cover-crops, pruning, 
training, harvesting, condition of the field, and special practices and 
problems, A second collection of data was made after yield records 
and production costs had been tabulated by the growers. 

The grower was interviewed personally as far as possible in regard 
to his cultural practices. At the same time a check w^as made in refer- 
ence to the condition of his field. Soil examination, stand counts, 
methods of training, and similar factors were checked closely by 
those making the survey. 

Soil: The prevailing soil type was sandy loam, ranging from light 
to heavy. Of the 69 farms finally tabulated,® over 72 per cent of 
growers had soils which could be classified as sandy loam ; 17 per cent 
silt loam; 4 per cent clay loam; and 3 per cent gravelly loam. In 
addition one grower each had shot clay and alder bottom. The best 
yields were found on the silt and heavy sandy loams, and this type 
of soil was consistently the most important factor in determining 

^^Production survey made and results analyzed by the writer in cooperation 
with Mr. A. M. Richardson, County Agent, Pierce County, Washington ; cost- 
of-production survey made by Mr, R. M. Turner, Farm Management Special- 
ist, Washington State College in cooperation with Mr. Richardson. 

“These 69 growers were those of which final records could be completed 
out of 100 names suggested as the best growers of the industry by the Wash- 
ington Berry Grower's Association, Puyallup-Sumner Fruit Growers’ Assoc., 
and the Hunt Bros. Canning Company, 
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yields. Practically all fields had good drainage. There existed much 
variation in the length of time the soil had been under cultivation, 
ranging from 8 to 75 years, but this seemed to have little effect on 
present yields. Previous crops harvested appeared to have little in- 
fluence on yields. The highest production of berries was found on 
soils which had been built up by turning under legumes with heavy 
applications of manure. 

Culiimtlon: Of all the production practices considered, cultivation 
was the least variable. In nearly all cases the grower plowed twice, 
first towards the plants in February or March, and then away from 
them in March or April. The depth of plowing varied from 3 to 8 
inches, although all growers plowed rather deeply toward the center 
and shallowly toward the rows. The two highest yields reported 
were from fields which had always been cultivated deeply, a practice 
which would be damaging in a field where shallow cultivation had 
been practiced first. Subsequent cultivations made use of various 
types of cultivators, and varied in number from 4 to 10 during the 
growing season, at an average depth of 2 to 4 inches. Weed control 
and moisture conservation were given as the chief reasons for summer 
cultivation. There appeared to be some correlation, in cases of grow- 
ers giving the most cultivation, between frequency and yield. Seventy- 
seven per cent of the growers ceased cultivation when picking was 
started, while 13 per cent cultivated at least once after the picking 
season was over. 

Fertilkation: All but one of the 69 growers included in the survey 
used some kind of fertilizer. Over 90 per cent used animal manure, 
70 per cent supplementing this with commercial fertilizer. Of growers 
using manure, about one-third used barn-yard manure, 30 per cent 
cow manure, 10 per cent horse manure, and 8 per cent sheep manure. 
Of the growers using commercial fertilizer, most specified 3-10-7. 
Super-phosphate was used by 25 per cent to supplement the barn-yard 
manure. About 9 per cent used potash in some form. Only four 
growers used commercial fertilizer alone. 

The consensus of opinion among the growers was that some manure 
should be used whenever possible to supply humus and nitrogen, and 
supplement made with phosphate and potash fertilizers when neces- 
sary to give the fertilizer proper balance. It was a common practice 
for growers to apply manure and commercial fertilizers on alternate 
years, the former being applied during the fall, winter, and spring, 
and the latter late in the winter or early spring, and usually between 
the two plowiiigs. Most of the growers were very careful not to 
apply an excess of nitrogen fertilizer which would stimulate ex- 
cessive growth and make the raspberry canes more susceptible to 
winter injury. 

Pruning and Training: About half of the growers interviewed pre- 
ferred to cut out the old canes in the fall, and half in the winter. All, 
however, believed that the time when this was done made very little 
difference provided the new canes were mature and the leaves had 
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fallen. The number of canes left varied from four to eight per hill 
Most growers left onh' strong, thrifty canes, which standard rather 
than any other determined the number left. 

Of the 69 growers, 40 per cent practiced the weaving method of 
training, 34 per cent the cutting and tying method, while the balance 
practiced both. The three highest yields were obtained from fields in 
which the canes were cut and tied, but this fact does not seem par- 
ticularly significant in favor of that system. Growers reported that 
both systems required about the same amount of time and one system 
might be preferable one season, and the other might be better another 
year. Clean picking was considered easier when the cut-and-tie 
method was practiced. Training by either method, however, ^vas done 
in the early spring, after the heaviest frosts were over. 

Condition of the field: Fields studied varied in age from 2 to 35 
years. Most of them, however, came within the range of 5 to 10 
years. A large majority of the fields and stands of plants ranged from 
95 to 100 per cent, although a few were as low as 85 per cent. This 
brought out very forcibly that the liigh per cent stand is considered 
a very important factor by the better growers. Little insect and disease 
injury 'was recorded in 35 per cent of the fields, but since in some 
cases these were hard to distinguish from drought injury, there may 
have been more. 

Harvesting: In the frequency of harvesting, there was veiy little 
variation. The usual practice was to pick shipping berries three times 
a week or every 2 days, and canning berries twice a week or every 3 
days. In most cases enough pickers had been employed to keep the 
fields picked clean. Such pickers were carefully supervised, fur- 
nished with sleeping quarters, water, light, and fuel, and in some 
cases food materials. Picking being the most expensive operation in 
berry growing, was also shown to be the most particular. All growers 
strive to get the best possible pickers, train them to pick clean and 
grade closely, and supervise them carefully so as to secure fruit of 
highest quality for the market. Much of the supervision, as well as 
picking, is done by women, who in many cases are the wives of the 
growers. 

Most of the pickers are supplied with two-cup bib carriers, together 
with the six or double-six field carriers for bringing berries to the 
crate sheds. Emphasis is laid on keeping the field carriers in the shade 
as much as possible before the picker brings in his fruit. Some grow- 
ers assign particular rows to each picker and let him keep the same 
rows all season. This practice is valuable in checking the thorough- 
ness of each picker and in permitting elimination of those not doing 
good work. 

Special practices: Each grower was asked whether or not he had 
some special practice to which he might attribute his success. A few 
of the more common or pertinent answers are given here; ‘‘Keep 
ahead of the work; never get behind.’’ “Close supervision.” “Timely 
^cultivation together with complete removal of weeds.” “Do not over- 
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Depreciation 

Interest 
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*Note — Per cent of total average cost. Total acres, 510. Average size farm, 7.4 acres. 
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fertilize.” ‘Tertilize every year.” '“'Keep the stand up.” “Timeli- 
ness in all operations.” 

Cost of production: The accompanying table gives the cost of each 
item of expense for the entire sixty-nine growers, and the average 
total acre cost is given for each item, together with the total acre cost 
and the average cost per pound in each group. 

In reviewing the results of this survey several factors might well 
be emphasized. There is nothing in a production survey of this sort 
to show that the practices mentioned are the best possible practices 
which could be employed, but there is a very good indication what 
practices the best growers have adopted. These growers no doubt 
started with the best information available at that time, and have dis- 
carded some practices and adopted others as they learned by experi- 
ence or observation. The consensus of opinion of a fairly large num- 
ber of the most successful growers over a period of years should be 
a valuable guide in determining a profitable program for berry pro- 
duction. 

This survey w^as intended originally to do no more than bring out 
the most successful practices now being used in red raspberry culti- 
vation. These have already been brought out in lliis paper. As soon 
as the survey had been completed, however, it was found ]x>ssible to 
bring out other interpretations, which were not originall}' contem- 
plated. 

Even among what may be considered "best growers,” the difierence 
in yields secured is so great that it must be due to something besides 
the ability of the growers or the practices which they employ. Prob- 
ably the greatest single factor of this kind is the soil. Where the 
highest yields were obtained, the soil was practical!}’’ ideal for berry 
culture. On poor soils even the best growers, following the best 
known practices, could not get equal results. 

It is brought out very forcibly that the duration of })rofital)le pro- 
duction is not as low as was once thought. It is quite clear, however, 
that unless the soil is kept built up \vith plenty of plant nutrients and 
humus, age might easily be a large factor in the decline of yields. 

The desirability of deep cultivation, if practiced continuaily front 
the time the field is planted, is brought out. Evidently the advantages 
of deep cultivation lie in the ability of the berry fields to withstand 
drought and other ad\’’erse conditions, while shallow-rooted plants, 
more commonly found in shallow cultivated fields, might suffer a 
severe set-back. Where drainage is good, deep cultivation, through 
better soil aeration, induces root growth at a lower depth than would 
be found in a shallow cultivated field. 

Annual fertilization stands out as very important. The regularity 
of fertilization may be even more important, however, particularly 
if it i« of a nature to maintain a high organic matter content in the 
soil. 

High stands of plants and high yields are almost synonymous, other 
things being equal When a stand drops as low as 85 to 90 per cent 
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it may not look very bad, but it can easily account for a 10 per cent 
decrease in yield. The best growers lay much emphasis on maintaining 
perfect stands of, plants by annual replanting of missing or diseased 
hills. 

One more factor needs considerable emphasis, namely, the quality 
of the fruit. The best Raspberry grower knows that quality is half 
the battle of successful marketing, and he is doing everything pos- 
sible to maintain high quality of fruit. This involves good pickers, 
dose supervision, timely picking, and careful handling of the fruit 
from the time that it leaves the canes until it arrives at the unload- 
ing platform. 

This survey, obtained through the fine cooperation of the 69 grow- 
ers who furnished the information, shows, more than an}i:hing else 
has ever demonstrated, that the success of the red raspberry industry 
is closely tied up with a good soil location, the very best cultural prac- 
tices, and much exacting work done at the right time. 



Effect of Age of Plant on Flower Production and Yield 
of Strawberries in North Carolina^ 

By E. B. Morrow and J. H. Beaumont, North Carolina State 
College, Raleigh, N. C. 

Q.ENERAL field observations in the commercial strawberry areas 
of North Carolina and the results of investigations conducted at 
more northern latitudes have indicated the value of early-formed plants, 
but up to this time no local experimental data have been available 
to demonstrate this point. This paper is a report of results secured 
during the 1931 season on the relation of age of runner plant to 
flower and fruit production. The Blakemore, Klondike, and Missionary 
varieties were used. The work w'as conducted with the cooperation 
of Albritton Brothers, Calypso, N. C. 

Plants set in December, 1929, were used as mother plants. Runner 
plants produced in 1930 were pegged down at approximately 15-day 
intervals, beginning on June 2 and continuing until November 3. 
There was only a slight variation in the age of plants at each pegging, 
since only plants just beginning to show” w”hite root knobs or with 
a very few new” roots were used. Each mother plant group w”as 
limited to four runner series. Two were trained along the row” in 
one direction and two along the row” on the opposite side of the 
mother plant, giving a somewhat double-row” hill system. The spacing 
between the double rows of runner plants was about 12 inches, and 
the average distance betw”een plants in the runner series was ap- 
proximately 8 inches. 

As the season progressed a number of the plants became infected 
with nematode (Aplielenchus fragariae) causing the “dwarf’’ or 
“crimp” disease. The infection w”as particularly heavy on the Klon- 
dike, but it also occurred to some extent on the Blakemore and Mis- 
sionary. On October 15, 1930, all plants shouting apparent signs of 
the disease were marked. This permitted a comparison of flow”er 
counts on diseased and on healthy plants. 

Counts of the number of flow^ers and berries on each individual 
plant w”ere made just before picking started. This record gave rather 
accurately the total number of flowers produced, since there was no 
frost damage and very few flowers appeared after picking started. 
Records of the number and weight of berries for each age group w”ere 
kept at each picking. All berries which w”ere below the size require- 
ments for U. S. No. 1 grade were discarded, but the percentage not 
meeting the size requirements was ver}” small on all varieties. Pick- 
ing started on May 7 and ended on May 28. 

The data for diseased and healthy plants combined are presented in 

^Published with the approval of the Director as Research Paper No. 56 of 
the North Carolina Agricultural Experiment Station. 
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Table I and Fig. 1. The results show, in general, that as the age 
of plant increased, the average number of flowers and berries per 
plant and the yield per acre increased. The number of flowers and 
iDerries per plant and the yield per acre was greatest on Blakemore, 

TABLE I — Number of Flowers and Berries per Plant, and Calculated 
Yield per Acre — (B, K, and M indicate Blakemore, Klondike, and 

Missionary) 


Date 

Pegged 

Average Number of 
Flowers per Plant 

Number of Berries per 
Plant 

Crates (32-Qt.) per 
Acre 

B 

K 

M 

B 

K 

U 

B 

K 

M 

MPi 

113,4 

51.3 

96.8 

46.1 

34.0 

47.0 

396 

305 

373 

6-2 

94.6 

19.7 

46.0 

46.1 

18.3 

29.7 

426 

175 

278 

6-16 

86.7 

41.5 

86.7 

39.8 

27.2 

43.5 

406 

243 

344 

7-1 

88.1 

34.0 

73.4 

39.4 

21.4 

37.6 

367 

188 

283 

7-14 

81.1 

34.7 

83 7 

36.4 

21.6 

40.2 

356 

197 

325 

8-1 

66.8 

26.8 

62.1 

32.5 

19.0 

33.2 

326 

176 

272 

8-14 

55.6 

30.9 

56.1 

29.2 

18.7 

29.0 

308 

211 

250 

9-1 

36.4 

26.7 

46.6 

21.5 

17.7 

26.6 

239 

213 

229 

9-16 

29.4 

28.1 

34.8 

18.7 

19.1 

18.3 

224 

189 

169 

10-1 

20.5 

26.0 

25.0 

13.3 

15,8 

19.0 

153 

161 

202 

10-18 

18.3 

19.0 

19.6 

12.4 

13.7 

12.8 

142 

145 ' 

128 

11-3 

8.2 

8.5 

11.7 

6.4 

6.2 

7.3 

91 

69 

66 


^Indicates Mother Plant. 


second on Missionary, and smallest on Klondike. The first decided 
decline on Blakemore occurred on runner plants pegged August L 
Missionary responded in much the same way. Klondike showed a 
proportionately lower yield and slower downward trend than either 
Blakemore or Missionary. Comparing plants rooted September 1 
and thereafter with those rooted earlier, the yield from late-rooted 
plants was proportionately greater on Klondike, second on Mission- 
ary, and lowest on Blakemore. Comparing early- with late-rooted 
plants, the yields were highest on Blakemore, second on Missionary, 
and lowest on Klondike. These responses indicate that Blakemore 
withstood summer conditions better than either of the other two 
varieties, but that it did not retain this su|>eriority to any marked de- 
gree after September 1. There was no significant difference betw’een any 
of the varieties in average number of fiow^ers and berries i^er plant 
or in yield per acre on all plants formed September 1 and thereafter. 

Weights of the berries from each age group showed a general in- 
crease in average berry size as the age of the plant decreased. The 
size of berry therefore was inversely proportional to the number of 
berries per plant. This relationship was most pronounced on the 
Blakemore, but it also occurred on the Klondike and Missionary. 
The average berry size was largest on Blakemore, second on Klon- 
dike, and smallest on Missionary. {See graph. Fig. 1). On Blake- 
more the percentage of flowers making fruits showed a general in- 
crease as the age of plant and number of flowers decreased. Mission- 
ary showed the same general trend as Blakemore with the exception 
of the June 2 plants. Klondike, however, showed no pronounced 
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upward trend in percentage of flowers making fruits as the age of 
plant decreased. A stud}' of the data indicates that any increase in per- 
centage of flowers forming fruits is associated with the number of 
flowers per plant rather than with the age of plant. 



Fig. 1. dumber of flowers and berries per plant, and average berry weight 
as influenced by age of plant. 


A comparison of the average number of flowers per plant on 
diseased and on healthy plants is given in Table II. The general 
trends for healthy plants are the same as for all plants, but the de- 
clines are more regular with the diseased plants eliminated. The very 
sharp decline on Missionary and Klondike plants pegged June 2 is 
probably associated with disease. It is possible that a larger number 
of these plants were affected with disease than the October 15 
record indicated. The record shows that 57 per cent of the Klondike 
plants and 22 per cent of the Missionary plants which were pegged 
June 2 were diseased. The ratio of the average number of flowers 
per plant on all diseased plants to the number on all healthy plants 
of the same age was 34 to 82 for Blakemore, 21 to 38 for Klondike, 
and 33 to 70 for Missionary. The relatively low yields of Klondike 
plants pegged during the summer months cannot be entirely attrib- 
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uted to disease. Flower counts made on healthy plants in a nearby 
field which was set in Blakemore and Klondike during the first week 
in August, 1930, gave an average for Blakemore of 71 flowers per 
plant compared with 35 for Klondike. The average on the plot records 
for the August 1 pegging was 73 for Blakemore and 32 for Klondike. 

The results of this experiment show that North Carolina straw- 
berry growers would profit by following practices designed to secure 
as many new plants as possible during June, July, and early August. 
Old beds should be worked out immediately after harvest, and runner 
plants in new plantings should be permitted to take root during early 
summer. The data also indicate that yields will be seriously cur- 
tailed if the plants are affected by the '‘dwarf” disease. 



Length of the Fruit Development Period of 
Strawberry Varieties^ 

By J. Harold Clark, Experiment Station, N’etc Brunszinck, N, /. 

JNFORMATION on the length of the fruit development period 

of various varieties under different seasonal conditions should be 
of value to the grower in planning his work, especially just preceding 
and during the harvest season, to the plant breeder when selecting 
varieties to be used as parents, and to the horticulturist in making 
recommendations of varieties for particular locations and environ- 
ments. 

The fruit development period for any particular plant would be, 
technically, the number of days from the date of fertilization to the 
date of maturity. It is necessary, however, when working with a large 
numl)er of varieties to use some more easily observed event which 
can be rather definitely described and dated. For the purposes of 
this paper, therefore, the number of days from the date of first bloom 
of a particular strawberry variety to the date of first picking will be 
called the fruit development period. This same term was used by 
Blake (1), working with peaches, for the period from full bloom to 
height of picking. With many varieties of strawberries, however, it 
would be hard to fix a date for either full bloom or height of picking. 

The data presented in the following tables were secured from the 
strawbeiT}' variety test plots on the horticultural farm of the New 
Jersey Experiment Station at New Brunswick from 1927 to 1931. 
Varieties for which no data are presented in 1931 were discarded 
after fruiting in 1930. The soil was fairly uniform and the plants 
were in a moderately vegetative condition. All varieties were mulched 
with straw each winter. Both the 1929 and 1931 data were secured 
from beds producing their first crop, but some of the 1930 records 
were taken on beds producing their second crop. 

Before presenting the data for a number of varieties the fruit de- 
velopment period of one standard variety, How^ard 17 (Premier), 
wdll be discussed in some detail, especially in relation to the date of 
first bloom and to seasonal variations in temperature. Table I gives 
the dates of first bloom and first picking and the length of the fruit 
development periods of Howard 17 (Premier) for 5 consecutive 
years together with the mean temperature during the fruit develop- 
ment period for each of those years. This mean temperature was 
computed by averaging the mean maximum and the mean minimum 
daily temperatures. 

It will be noticed from Table I that the longest fruit development 
period occurred during the year of the earliest bloom. The shortest 
fruit development period occurred during two years, one of which 

^Paper of the Journal Series, New Jersey Agricultural Experiment Station, 
Division of Horticulture. 
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was the year of latest first bloom while the other was a year of 
medium early bloom. This indicates that early bloom is generally as- 
sociated with a relatively long fruit development period and late 
bloom with a short fruit development period. This relationship is tO' 
be expected because in most seasons the weather will be cooler for a 
time after early bloom than after late bloom. A similar relationship 
has been reported by Blake for peaches and by Ellenwood for apples. 


TABLE I — Date of First Bloom, Date of First Picking, and Fruit Devel- 
opment Period of Howard 17 (Premier), Together with Mean 
Temperature for the Fruit Development Period 



1027 

1028 

1020 

1030 

1931 

Ave. 

First bloom 

5/15 

6/13 

29 

5/10 

6/11 

32 

4/29 

6/3 

35 

0/2 

6/2 

5/4 

6/2 



First picking 

. 

Fruit development period 

:h 

29 

31.2 

Mean temperature 

61.5 

61.7 

60.0 

63.3 

63,2 


It is evident from Table I, however, that the fruit development 
period is not always longer in direct proportion to the earliness of 
the first bloom. If this direct relationship did alw'ays hold, the order 
of the fruit development periods from longest to shortest would be 
for the years 1929, 1930, 1931, 1928, 1927. The observed order, 
however, is 1929, 1928, 1930, 1931, 1927. This difference is no doubt 
due in part to the difficulty of accurately and fairly setting the date 
of the first picking. The date recorded was that on which the first 
commercial picking would be made under New Jersey conditions, 
which means that enough berries were colored all over and in edible 
condition so that about one quart could be picked from a 40-foot row. 
Part of the difference in order, however, is probably due to weather 
conditions following blooming. In order to give a very rough measure 
of what the temperature conditions were, without taking up space 
with a record of daily temperatures, the mean temperature for the 
fruit development period for each year has been given in Table 1. 
The temperature between first bloom and first picking during 1930 
was probably enough greater than that for 1928 to account for the 
slightly shorter fruit development period in 1930 in spite of the 
earlier date of first bloom. The temperature for 8 days after first 
bloom in 1930 was unusually high. 

Similar data for a number of ^^rieties have been secured for the 
last three years and are recorded for part of them, in Table 11. The 
varieties in this table are arranged in the order of their average date 
of first picking since they are most often classified in this way as 
early, midseason, or late varieties. 

Most of the varieties agree rather closely with Howard 17 (Pre- 
mier) in the relative order of blooming date and length of fruit de- 
velopment period for these three years. Exceptions may be noted 
among the late blooming varieties in 1929. Comparing the data for 
1929 with that for 1930 it is seen that the range of dates of first 



TABLE II — Date of First Bloom and Length of Fruit Development Period of Various Strawberry Varieties 
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bloom in 1930 is much less than in 1929. This is probably asso- 
ciated with the higher temperatures during the first 10 days of May 
in 1930. Thus we find 10 of the late ripening varieties beginning to 
bloom later in 1929 than they did in 1930 although Howard 17 (Pre- 
mier) and most of the earlier varieties began to bloom later in 1930 
than in 1929. It is interesting to note that all but 3 of these 10 varie- 
ties had shorter fruit development periods (probably associated with 
their relatively late blooming) in 1929 although Howard 17 (Pre- 
mier) and most of the early bloomers had longer fruit development 
periods in that year. This indicates that probably early blooming of 
a variety will be associated with a comparatively long fruit develop- 
ment period even when some varieties bloom relatively early and 
others relatively late during any one year. 

There is probably a difference between varieties as regards their 
response to low temperatures. The data are not sufficient to warrant 
any conclusions on this, but it appears probable that some of the late 
blooming varieties may be more sensitive to low temperatures than 
the early blooming sorts and that this may explain in part some of 
the apparent inconsistencies in the recorded length of the fruit de- 
velopment period as related to date of first bloom. 

The range in time from the average date of first picking of the 
earliest variety in Table II to that of the latest is exactly 2 weeCs. 
The range in the average length of the fruit development periods, 
however, is a little less than 8 days. This indicates that the difference 
in the ripening periods of strawberry varieties must be due, in part 
at least, to something besides the difference in the comparative lengths 
of the period between first bloom and first picking. Indeed some of 
the early ripening varieties have longer fruit development periods 
than some of the late ones. 

It is evident from Table II that the early blooming varieties are 
quite generally the early ripening ones and that the late blooming 
varieties usually ripen late. There is some variation, it is true, in the 
fruit development periods of different varieties, but the question of 
whether they are to be classified as early, midseason, or late is gener- 
ally determined more by their average blooming dates than by the 
average number of days between first bloom and first picking. 

During these 3 years, Aberdeen had the longest average fruit de- 
velopment period and Chesapeake had the shortest, although the 
average date of first picking was the same for both and both are known 
as midseason or late midseason varieties. It will be noted, however, 
that the average date of first bloom for Aberdeen was 8 days’ earlier 
than that for Chesapeake. 


Conclusions 

The data indicate that an early date of first bloom of a strawberry 
^'ariety will usually be followed by a comparatively long fruit devel- 
opment period, but that unustiaily high temperatures during this 
period may shorten it to a point where it may be no longer than it 
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would ordinarily be after late bloonimg. The average length of the 
fruit development period of various strawberr}' varieties differs some- 
what as between different varieties, but a variet}’ with a short fruit 
development period is not necessarily an early ripening one. Early 
ripening varieties, however, are usually ones which begin to bloom 
early and late ripening varieties ones which begin to bloom late. 
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Fruit Bud Dift'erentiation in the Dunlap Strawberry in 
Relation to the Age and Position of the Plant 

By J. C. ScHiLLETTER, louv State College, Ames, loim 

jPRUIT bud formation in the Dunlap strawberry does not take place 
in the mother plants and runner plants at the same time, neither 
does it take place in all of the runner plants at the same time. This 
variation in time of fruit bud formation is probably due to several 
factors. The purpose of this experiment was to determine the in- 
fluence of age and position of a plant on fruit bud formation. Detailed 
records were kept of the development of each plant from the date of 
rooting until it was removed from the field. A morphological study 
was made of the floral development of each plant. These data were 
then used to determine the influence of the age and the position of a 
plant on its floral development. 

On April 25, 1928,, 80 uniform Dunlap strawberry plants were 
selected and set 4 feet apart in rows 5 feet apart in a fertile sandy 
loam soil. The plants were placed under irrigation in order that they 
might not suffer in case of protracted dry periods. 

During the growing season of 1928, all flowers were removed as 
soon as visible from the young mother plants. The plants were kept 
free of weeds and were cultivated at least once each week. They 
were watered on April 25 at the time of planting, on June 3, and on 
August 6. The amount of water applied approximated Y^-inch of 
rainfall with each irrigation. Each individual mother plant was 
limited to five unbranched runner series. All other runner plants were 
removed as soon as noticed. By a runner series is meant the runner 
plants in a single connected string of plants arising from the mother 
plant. 

A record was kept of each individual runner plant. As a new plant 
showed the first white root knobs it was considered as set and was 
fastened to the ground by means of a Greening pin. An oat straw 
mulch was applied Novem])er 15, 1928, and was removed April 15, 
1929. 

Plants were removed from the field on the following dates, August 
27, September 10, October S, and October 25. Only the buds at the 
apex of the crowns of the plants were used for morphological study. 
Standard histological methods were used in the preparation of the 
buds for sectioning and photographing. 

Table I gives the variation in days for the time of setting of plants 
in a given position and also the average age in days of plants dug. It 
will be noted that there is an interval of 46 days between the setting 
of the first No. 1 plant and of the last No. 1 plant. The greater percent- 
age of these No. 1 plants, however, set during a 7-day period. The 
number of days from this period to the various dates of digging is 
an approximation of the age of the No. 1 plants. The same method 
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TABLE I—Variation in Days Between the Setting Dates of Plants in a Given Po>sition, the Average Age in Days of Plants 

Dug on Different Dates, and the Dates of Flower Differentiation 
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was used in determining the ages of the plants at the other positions. 
All mother plants were set on the same date so their ages are the 
same at each date of collection. 

It will be noted from this table that 138 was the greatest number 
of days to elapse before differentiation was noted, whereas, the 
shortest number of days between the rooting of a plant and observa- 
tion of the differentiation of the floral parts was only 10 days. The No, 
1, 2, and 3 plants all showed fruit bud formation between September 10 
and 20, although their ages were 138, 77, and 63 days, respectively. 
Plants at positions 4, 5, 6, 7, and 8 on the runner series had differen- 
tiated their buds by October 5. The ages of such plants varied from 
74 to 25 days on this date. These plants varied very slightly in their 
degree of differentiation on this particular date. On October 25 all 
plants, with the exception of the very youngest, the 9's and lO's, 
W'Cre quite similar in the stage of development attained in their 
primary flowers. The flowers of the youngest plants developed rapidly 
in the latter part of the season. The flowers of these younger plants 
reached a stage of development similar to the October 5th stage of 
the older plants. It was found on October 25 that the mother plants 
and No. 1 plants had the highest degree of floral development and 
were followed very closely in order by the other plants on the runner 
series up to the number nine plants. 

Flower bud differentiation took place regardless of the age of the 
plant. For example, the flowers of the primary stalks of the No. 10 
plants on October 25, 10 days after setting, were as far advanced as 
the flowers of the central stalks of the mother plants on September 
20, 148 days after setting. A similar stage of development was 
reached in the No. 2 plants on October 5, 88 days after setting 
(Plate I). The development of the flowers differentiating later in the 
season was evidently more rapid than the development of those dif- 
ferentiating earlier in the season. Hill and Davis (1) report that the 
Pocomoke variety differentiated the buds of runners 4 weeks and 8 
weeks of age on September 19. Runners rooting after this date 
showed signs of differentiation when only 2 weeks old. 

The influence of the position of a plant in relation to fruit bud 
formation w’-as studied , on those plants which had rooted at the same 
time, but occupied different positions on the runner series. The evi- 
dence obtained pointed to the fact that those plants in positions closer 
to the mother differentiated the central floral stalks earlier, and gave 
evidence of more advanced floral development during the earlier 
dates of collection than those plants which were of similar ages but 
more distant from the mother plants. This was not apparent on the 
late formed runner plants because these plants formed fruit buds in 
a shorter period of time and developed the central flower stalks 
quite rapidly. Therefore, with the exception of the youngest plants, 
the stage of floral development attained by the flowers of the late 
formed runners was quite similar, even though these plants were of 
similar ages but of different positions. The flowers on the central 




Plate I. 

A. Mother plant set April 25, 1928, age 148 days. Sepals clearly seen 
and petals barely visible on primary fiowers. 

D. Plant No. 10 on runner series, rooted Oct. 15, 1928, age 10 days. Sepal 
and petal primordia visible on primary flower, secondary flowers evident. 
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floral axes of buds of the earlier formed runner plants occupying 
positions 1 and 2 on the various runner series showed a higher stage 
of floral development on the same date than did the flo^yers of plants 
of the similar ages occupying positions 3 and 4. It is questionable 
whether this was due to the fact that the more rapidly growing runner 
series was more vegetative and consequently floral development was 
delayed or whether the less vegetative runner plants differentiated 
buds more quickly. For example, in a comparison of a few runner 
series, some of which had No. 2 plants and some of which had No. 3 
plants of the same age, the formation of the fruit buds was de- 
layed on the No. 3 plants. This might be due to the fact that the 
runner series, which set three plants, while the others were setting 
only two plants, were in such a state of vegetative vigor as to cause 
a delay in the formation of fruit buds. 

The early set runners make the strongest plants and differentiate 
their buds first. It would seem feasible to expend extra effort in 
getting an early set of runner plants and to thin out a greater number 
of those plants formed late in the season. 
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The Relation of Fertilizers to Respiration and Certain 
Physical Properties of Strawberries^ 

By E. L. OvERHOLSER and L. L. Claypool, State College of 
JVaslnngton, Pidhnan, Wash, 

Y HAT spring applications of nitrogen fertilizers have a distinct ef- 
fect on the physical and chemical structure of the strawberry 
fruit was indicated in 'studies by Shoemaker and Greve (13) with the 
Premier variety. Studies herewith reported were made this past 
spring at the Irrigation Branch Experiment Station, Prosser, Wash- 
ington, to determine the possible relation of fertilizers to certain 
properties of strawberries. 

The properties studied as influenced by the application of fertilizers 
were: (1) respiration intensity, and respiration ratio (carbon dioxide 
evolved divided by the oxygen absorbed) ; (2) firmness of texture; 
and ('3) electrical resistance of tissue. 

Materials and Methods Employed 

Clark seedling strawberries growing upon a medium sandy loam 
soil that has been fertilized during the preceding year and in Feb- 
ruar}' of the same year were employed. The different individual 
plots had received the elements as follows: N, '"extra N'’, NP, P, 
and the check, the latter receiving no fertilizer applications. The N 
plot received ammonium sulphate at the rate to supply 30 pounds 
of actual nitrogen per acre in March, 30 pounds in June, 1930, and 
30 pounds in February, 1931. The second N plot, known as the 
"extra nitrogen'’ plot received a larger application amounting to 106 
pounds of actual nitrogen per acre in the spring of 1931 instead of 
30 pounds as did the other nitrogen plot. 

The phosphorus plot received superphosphate at the rate to supply 
36 pounds of actual phosphorus per acre in March and again in 
June, 1930, and in February, 1931. The phosphorus and nitrogen 
plot received the combined elements in the same forms, amounts and 
dates of applications.® 

The respiration intensity was determined as previousl}’ indicated 
(12) except that the respiration chambers were 2-quart fruit jars 
and the average size of each individual sample of berries was 39 
specimens, weighing about 149 grams. The berries of each harvest 
vrere picked at as nearly the same stage of maturity as was feasible, 
as judged by color, but an attempt was made to liave each sample 

^Published as Scientific Paper Mo. 207, College of Agriculture and Experi- 
ment Station, State College of Washington. 

^ ^The writers wish to acknowledge the aid and cooperation of E. G. Durdle, 
County Agent, Benton County, Washington, who arranged for the plots and 
applied the fertilizers. 
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representative of each plot with respect to size of individual berries. 
There were consistent differences in the average size of the berries 
from each plot and, therefore, an attempt was made to select samples 
of the same size from each plot. The samples, however, were selected 
so as to be representative of the average size of the fruit for the plot. 


TABLE I — The Effect of Fertilizers Upon Respiration Intensity of 
Clark Seedling Strawberries 


Fertilizer 

Treatment 

Har\’est 

Date 

Average 

Duration 

Respira- 

tion 

Interv’al 

Average 
Tempera- 
ture Dur- 
ing E.^- 
Ijeriment 

Number 

Respira- 

tion 

Periods 

Det. 

Average 

Respira- 

tion 

Ratio 

Average 
Mgs. COa 
Produced 

KilS^Hr. 

Check (no fertilizer) 

Mav IS 

19.68 

19.4 

6 


100.97 

Check 

Mav22 

14.88 

20.1 

6 


91.50 

Check 

May 26 

12.3o 

20.2 

6 


109.90 

Grand average. . 


15.64 

19.9 

IS 

0.959 

100.79 

Nitrogen 

Mav IS 

16.06 

18.9 

1 6 


110.06 

Nitrogen 

Mav 22 

12.84 

19.8 

6 


103.12 

Nitrogen 

May 26 

11.83 

20.0 

6 


115.39 

Grand average. . 


13.58 

19.6 

18 

0.968 

109.52 

Extra nitrogen .... 

May 22 

15.18 

20.1 

6 


121.60 

Extra nitrogen 

May 26 

12.40 

20.1 

6 


119.05 

Grand average. . 


13.79 

20.1 i 

12 

0.968 

120.33 

Phosphorus 

Mavis 

18.49 

19.1 

6 


86.20 

Phosphorus 

May 22 

14.44 

20.0 

6 


95.05 

Phosphorus 

May 26 

15.00 , 

20.1 

6 


107.531 

Grand average. . 


15.00 

19.7 

IS 

0.948 

96.26 

Nitro. and phos 

May IS 

16.65 

1S.7 

6 


94.06 

Nitro. and phos 

May 22 

13.68 

19.6 

6 


93.21 

Nitro. and phos 

May 26 

12.08 

20.0 

6 


105.861 

Grand average. . 


13.59 

19.4 

IS 

0.957 

97.71 


^Berries somewhat soft and ripe. 

Strawberries from the “extra nitrogen” plot were the largest in 
average size; those from the nitrogen, nitrogen and phosphorus, 
check, and phosphorus, ranked as given in descending order of aver- 
age size. Usually other factors being equal, the smaller the average 
size the greater the respiration intensity, since a larger surface area 
per volume of tissue is exposed. 

The resistance measurements of the tissue were made with a com- 
bined resistance box and Wheatstone bridge with an alternating cur- 
rent 60-cycle galvanometer by balancing the unknown with the known 
resistance. The electrodes were two rectangular pieces of platinum 
iridium imbedded in Bakelite and projecting 5 mm. The electrodes 
were standardized in N/SO KQ at 20 degrees C., and the readings 
converted to specific resistance. The resistance measurements were 
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made at two opposite points on the surface of the fruit by plunging- 
the electrodes their full length into the flesh at right angles to the 
surface (11). 

Results 

Effect upon respiration intensity: The apparent differences in the 
respiration intensity of strawberries from the different fertilizer 
plots when harvested at as nearly the same stage of maturity as was 
feasible is shown in Table I. 

The average respiration intensity of strawberries from the nitrogen 
plot was nearly 10 per cent higher than that of comparable lots from 
the check plots receiving no fertilizer application. The respiration 
intensity of berries from the plot receiving the larger amounts of 
nitrogen was nearly 20 per cent more than fruit from the check plot. 


TABLE II — The Effect of Fertilizers Upon Firmness of the Tissue 


Fertilizer Treatment 

Number of 
Pickings, 
(Averaged) 

Number of Pres- 
sure Determina- 
tions (Averaged) 

Acreage Pressure 
(Grams) 

Check (no fertilizer) 

3 

168 

177 

Nitrogen 

3 

168 i 

161 

Extra nitrogen 

3 

I 112 

120 

Phosphorus 

3 

168 

16S 

Nitrogen and phosphorus 

3 1 

1 168 

165 


The application of phosphorus both alone and in combination with 
nitrogen appeared to slightly depress respiration intensity. In this 
connection Lagatu and Maume (6) concluded from work on grape 
leaves that the assimilation of phosphorus served as a check on the 
assimilation of nitrogen. Larson (7) found with apple trees that 
when the percentage of nitrogen was high in the leaves, the percent- 
age of phosphorus was low and when the percentage of nitrogen was 
low the percentage of phosphorus was high. In view of these findings 
it is possible that if an increased amount of nitrogen present in the 
fruit results in greater respiration intensity, that application of phos- 
phorus may lower the respiration intensity, by tendng to depress the 
nitrogen intake. No chemical analyses of the fruit were made this 
year. 

The respiration ratio was higher the higher the i*espi ration in- 
tensity, but the values averaged below unity. 

Effect upon firmness of flesh: Using the method of Hardy and 
Locklin as previously described (12) the firmness of the strawberries 
was expressed in grams of pressure necessary to force a ^^-inch 
plunger through the flesh to a depth of of an inch. Two pene- 
trations per berry of 28 berries representative of each lot were aver- 
aged. The data are shown in Table 11. 

The firmness of the berries from plots receiving nitrogen and phos- 
phorus either singly or in combination was lower than those from 
the check plots. The berries from the nitrogen plots tended to be 
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appreciably softer and those from the extra nitrogen plots much 
softer than those from the check plots. The data by Shoemaker and 
Greve (13) indicated that berries from plots receiving nitrogen were 
slightly softer than those from check plots. 

Brown (2) has urged moderation in the use of nitrogen fertilizers 
upon strawberry plants. When the weather was warm during the 
picking season plants receiving very heavy nitrogen applications pro- 
duced berries inclined to be soft, if not picked promptly and carefully 
handled. Even those handled as suggested apparently did not possess 
long keeping and shipping quality. 

Auchter and Knapp (1) mention that quickly available nitrogen 
fertilizers, especially if the applications are heavy, result in soft and 
green berries, particularly if the season is wet. This is in agreement 
with observations bv Chandler (3), French (5), Loree (9), and 
Colby (4). 


TABLE III — The Effect of Fertilizers Upon Electrical Resistance of 

THE Tissue 


Fertilizer Treatment 

Number of 
Piddngs 
(Averaged) 

Number of 
Determinations 
(Averaged) 

Average Specific 
Resistance in 
Olutis 

Check (no fertilizer) 

3 

168 

7347 

Nitrogen 

3 

168 

6992 

Extra nitrogen 

2 

112 

6820 

Phosphorus 

3 

168 

7969 

Nitrogen and phosphate 

3 

168 

7308 


The results of Shoemaker and Greve (13) indicated that early 
spring applications of nitrogen fertilizer in fruiting years tended to 
make the fruit softer. Their results, however, did not seem to indi- 
cate that the fruit was so soft or of such inferior handling quality 
as to preclude the spring use of nitrogen if such treatment would 
otherwise improve the crop. 

Effect upon electrical resistance of the tissue: The differences in 
the texture of the fruit \vere measured by using electrical resistance 
in ohms as employed by Latimer (8), and Overholser (11). Lati- 
mer, using methods primarily of Osterhout (10) found with fruits 
of pears that decreased resistance accompanied greater maturity and 
the attainment of senescence. 

The specific resistance order seemed to be more nearly inversely 
correlated with respiration intensity than was the firmness of flesh 
as measured by the pressure tester. This apparent non-relationsliip 
between firmness of flesh and respiration is in agreement with pre- 
vious work (12), indicating that firmness of flesh of strawberries is 
apparently not directly correlated with low respiration intensities. 

The berries from the extra nitrogen plots having the highest 
respiration intensity had the lowest specific resistance; and the fruit 
from the nitrogen plot, averaging next highest in respiration in- 
tensity averaged next lowest in specific resistance. The fruit from 
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the phosphorus plot averaging lowest in respiration, averaged highest 
in specific resistance. 
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The Effect of Fertilizer on the Quality and on the Keeping 
and Carrying Qualities of Strawberries 
By W. D. Kimbrough, Louisiana State University, Baton Rouge, La. 

Abstract 

The complete paper will appear as a bulletin from the Alabama Agricultural 
Experiment Station. 

'y'ARIOUS fertilizer treatments were applied in the spring of 1929 
to plots of the Aroma strawberry to study the effects of fertilizer, 
especially nitrate of soda and potash, on the berries. Quality studies 
were based on the moisture, acid, and sugar contents of the berries. 
The results obtained indicated that moderate a])plications of nitrate 
of soda had no injurious effect on the berries. Heavy applications of 
nitrate of soda under some conditions had a slightly adverse effect on 
the berries. No effects beneficial to the fruit were found from the 
application of potash. 



Transpiration Studies on Strawberries* 

By Geo. M. Darrow^ and Hugh Sherwood, U. S. Department 
of Agriculture, JVashington, D. C. 

JT has been apparent to the senior author for some yeai*s that one 

of the most important production problems of the strawberry is 
drought resistance. In some years the decrease in possible production 
due to less than optimum moisture may be SO per cent or more. 
Though attack on the problem has centered largely on the breeding 
of drought resistant varieties, an understanding of the response of the 
plant to conditions alfecting water losses has been sought as a basis 
of the breeding work, since varieties, drought resistant under some 
conditions, are not relatively as drought resistant under other condi- 
tions. The results of certain phases of the woi'k are here reported. 
Though work is being carried on in the field, most of the following 
experiments were with vigorous plants in 5- and 6-inch pots in or 
adjacent to the greenhouse. When the experiments were begun, the 
plants were transferred to pots which were paraffined on the outside 
and the soil was covered with paraffin or waxed paper to prevent 
evaporation from the pot or soil. Additional water was supplied to 
the pots as needed. 

Relative Transpiration from Old and New Leaves 

To test the relative rate of water loss by transpiration from old 
and new leaves, six plants of the Ettersburg 121 variety were used. 
Leaves of this variety live longer than those of most other sorts 
and the old leaves used were several months old. The leaf area of all 
six plants was reduced to equal amounts, 171.5 sq. cms. On three 
plants the old leaves were picked off and only young, fully expanded 
leaves which were still light green were left. On the other three the 
young leaves were picked off and only the oldest healthy leaves were 
left. The three old-leaf plants had in all about 11 leaves and the 
three young-leaf plants 18 leaves. 

Records of the water loss per plant by weight were obtained by 
periods from July 31 to August 24. The total water loss for each 
plant was as follows : 

Plant 1 Plant 2 Plant 3 Ave. 

Plants with old leaves 1327 cc. 1132 cc, 1255 cc. 1238 cc. 

Plants with young leaves . . . 1302 cc. 1290 cc. 1299 cc. 1294 cc. 

Thus, the plants with young leaves averaged less than 5 per cent 
greater moisture loss than those with old leaves. However, consider- 
ing that one old-leaf plant lost more and one lost less than any young- 
leaf plants and that the young-leaf plants had more, though smaller, 

^Facilities for conducting these investigations were furnished through the 
cooperation of the Oregon Agricultural Experiment Station. 
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leaves, there is no evidence that old and young leaves of this variety 
under the conditions of the experiment differed significantly in their 
transpiration rates. 

The average water loss per plant for comparable parts of days for 
the two sets of plants was as follows : 

9 a.ni. to 1 p.m, 1 p.m, to 5 p.m. 5 p.m. to 9 a,m. 
Plants with old leaves . . 263 cc. 258 cc. 232 cc. 

Plants with young leaves 277 cc. 269 cc. 235 cc. 

Though for each part of each day the plants with young leaves 
lost slightly more than those with old leaves, the differences were too 
small to be significant. 

Relative Transpiration Rate from Few and jNIany Leaves 

Because of the difficulty at times of obtaining plants wdth equal leaf 
areas, it was desirable to know whether plants with small leaf sur- 
faces transpired relatively more than did plants with large leaf sur- 
faces. In the first test of this, plants of the Ettersburg 121 variety 
in 6-inch pots were used. The loss through the leaves over a period 
from August 5 to 24 in the greenhouse was as follows : 


TABLE I — Transpiration Rate of Ettersburg 121 Plants with Varying 

Amounts of Foliage 


Plant 1 

Leaf Area 1 

Water Loss 

Loss per Sq. Cm. 

No. 

(Sq. Cms.) 

(Cc.) 

(Cc.) 


Few-leaf Plants 


1 

125.S 

554.4 


2 

126.3 

561.4 


3 

127.7 

575.8 


Average. . . 

126.6 

563.9 

4.46 


Many-leaf Plants 


1 

534.0 

1197.8 1 


2 

612.1 

1229.8 


3 

651.3 

1210.2 ' 


Average. . . 

599.1 

1212.6 

2.02 


In this test the plants with small leaf areas (21 per cent as much 
as the many-leaf plants) lost over twice the water per unit area as 
did the plants with large leaf areas. Moreover, the plants in each set 
were remarkably consistent in the amounts lost. 

In order to check the results a second test was made using plants 
of Fragaria virghiiana 27 with a series of leaf areas from SO to 350 
sq. cms. These plants had been in the greenhouse under favorable 
conditions for about 2 months. Plants of about the same size were 
selected and the leaf areas then reduced to the amounts determined. 
The number of leaves on the plants was not enough to make shading 
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a factor. This test continued from September 16 to 29, the plants 
receiving full sunlight with results as follows : 

TABLE II — Water Loss from F. virginiana Plants vtith Varying Amounts 

OF Foliage 


Plant 

No. 

Leaf Area 
(Sq. Cms.) 

Water Loss 
(Cc.) 

Loss per Sq. Cm. 

(Cc.) 

1 

50 

177,2 

3.54 

2 

125 

321.8 

2.57 

3 

200 

330.0 

1.65 

4 

275 

436.3 

1.59 

5 

350 

542.9 

1,55 


In a third test of transpiration, plants of F. virginiana 27 and F. 
chiloensis 13-C were used. These plants had been in the greenhouse 
under favorable conditions for about 4 months and the leaf area re- 
duced to series from 25 to 350 sq. cms. in extent. In contrast to the 
second test, these plants were kept in the shade for the entire i>eriod 
of 15 days. 

TABLE III — Water Loss From Plants of Two Species of Strawberries 
with Different Leaf Areas, Grown in Shade 


Plant No. 

Species 

Leaf Area 
(Sq. Cm.) 

Water Loss 
(Cc.) 

Loss per 

Sq. Cm, 
(Cc.) 

1 

F. virginiana 

25 

62,0 

2,48 


F, chUoensis 

25 

: 54.9 

2.20 

2 

F. virginiana 

50 

t 90.3 

1.81 


F. chiloensis 

50 

62.0 

1.24 

3 

F, virginiana 

125 

203.4 

1.63 


F. chUoensis 

125 

164.4 

1.31 

4 

F. virginiana 

200 

323.8 

1.62 


F. chUoensis 

200 

260.1 

1.30 

5 

F. virginiana 

275 

380,4 

1.39 


F. chUoensis 

275 

302.5 

1.10 

6 

F. virginiana 

350 

461.6 

1.32 


F. chiloensis 

350 

371.6 

1.06 


The data in Table III indicate that even in the shade the water loss 
per sq. cm. is much greater for plants with small leaf surface than 
for those with much leaf surface. The amounts lost were not as 
great for plants in the shade as for those in the sun nor were the 
differences relatively as great for plants having 50 sq. cms. and over 
of leaf surface. 

In these tests it is apparent that, within certain limits at least, the 
smaller the leaf area the greater the transpiration per unit of leaf 
surface. If a part of the leaf area is removed, the remaining leaves 
transpire more water than they otherwise do. Presumably, also, 
stomata of the leaves remaining on plants where the leaf surface 
has been reduced are open more of the time and function more ef- 
fectively in photosynthesis than stomata on many-leaved plants. This 
response of leaves may have a bearing on the practice of topping the 
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Average 

Loss per 
100 Sq. Cm. 
(Cc.) 
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xn 
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(Sq. Cm.) 
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P. chiloensis 6-C 

P- chiloensis 13-C 

P. cuneifolia 14 

0. S. a 113 

0. S. C. 192 ; 

0. S. C. 118 

Ettersburg 121 

F.virginiana 27 

O.S.C.186 

Marshall — 

Corvallis 
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plants after the harvest period, for a relatively small amount of new 
foliage may be as efficient as a much larger amount of old foliage. 

Relative Transpiration of Species and Varieties 

Four sets of plants were used to obtain data on the relative water 
loss of 11 varieties and species. These w^ere vigorous greenhouse 
plants in 5-inch pots sealed with paraffin. The original leaf areas 
being unequal were reduced as shown in Table IV. Comparisons 
may be made only bet^veeii lots having approximately similar leaf 
areas. 

From the data in Table IV, it is apparent that varieties and species 
differ considerably in transpiration per unit area. Marshall had the 
lowest average rate of transpiration, though under the conditions for 
Set 4, varieties O. S. C. 192 and 186 had slightly lower rates. F. chilo- 
ensis 5-C on the average transpired slightly more than did F. ckiloen^ 
sis 13-C and both F.chiloensis selections more than did F.cuueifolia 14. 

Relative Rate of Wilting 

It seemed w'orth while to compare the length of time it took pre- 
viousl}' well-watered plants of different varieties and species to wilt 
and die under indoor and outdoor conditions. Six potted plants of 
each sort sealed with paraffin were used, three being placed in the 
greenhouse and three outside. The leaf area of all the plants was 
recorded and the test began August 25 and continued until all plants 
died. 

Generally speaking, the different sorts did not show survival values 
according to their leaf areas. Thus, plants of the two selections of 
F, chiloensis had the smallest leaves and leaf area and lived longest, 
averaging 52.3 and 50.6 days. However, plants of F. cimeifolia 14 
which had as small a leaf area as one lot of F. chiloensis lived only 
32.4 days and plants of O. S. C. 186 ( Marshall. x F. chiloensis) 
which had over twice the leaf area of these three species lived an 
average of 50.2 days. The Corvallis plants with a smaller leaf area 
than the Marshall lived an average of 21.9 days and the Marshall 
plants an average of 43.7 days. 

It seems probable that the conditions of growth previous to the start 
of wilting affect the several varieties differently and that an under- 
standing of the ''conditioning” processes is essential to critical tests 
to determine drought resistance of selections in breeding work. For 
example, F. chiloensis and F. cuneifolia have extraordinary surrival 
values under some drought conditions but apparently not under 
others. The Corvallis withstood drought in the field in June, 1931, 
much better than did Marshall and Ettersburg 121, yet in this test 
died first. 
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Relative Water Loss During Day and Night 

In one series a record o£ the water loss of six plants each of 11 
varieties and species for the day and night periods was obtained for 
9 days (August 25 to Sept. 4). For plants with an average of 140 
sq. cms. of leaf surface the loss at night (7:00 p.m. to 7:00 a.m.) 
represented 15 per cent of the total and the day loss 85 per cent. 
There seemed to be no species or -variety that lost significantly more at 
night but less during the day, than did other sorts. 

In another series using four greenhouse plants each of the 11 
varieties and species with an average of 143 sq. cms. of leaf surface, 
the water loss during days was 37 per cent for the 4 hours 9 :00 
a.m. to 1 :00 p.m., 35 per cent for the 4 hours 1 :00 to 5 :00 p.m. and 
28 per cent for the 16 hours 5 :00 p.m. to 9 :00 a.m. All sorts lost 
approximately at the same relative rate for the different parts of the 
day. 

Water Absorption by Leaves 

The beach strawberry, F. chiloensis, is found only in a narrow 
strip on the coast of the Pacific Ocean, rarely being found more than 
a few hundred feet from the water. On the Oregon coast fogs are 
frequent at certain seasons, and it was considered possible that be- 
sides reducing evaporation some absorption through strawben*}' leaves 
might be possible. In the first test, a vigorous potted plant of Etters- 
burg 121 was sealed with paraffin and allowed to wilt. It was then 
turned bottom up so that the entire leaf surface was in the water 
from August 22 to 25. The leaves became turgid and the plant 
showed a gain in weight of 28 grams for this period. 

A second test using a plant of O. S. C. 186 (Marshall x F. chilo- 
ensis) was made September 1 to 8. After wilting, the plant was 
turned bottom up with the leaves in water. Again the leaves became 
turgid and a gain of 29.1 grams were recorded. 

A third test using three plants each of both Marshall and F. chilo- 
ensis 13-C, October 31 to November 6, Leaf area measurements 
were taken and exactly the same leaf areas (760 sq. cms.) used for 
each sort. The plants were slightly wilted before the leaves were 
submerged. After 3 days, the leaves had become turgid and the plants 
had gained as follows: 

Marshall — 6.2 gms., 4.5 gms., and 2.8 gms. : total of 13.5 gms. 

F. chiloensis 13-C--4.9 gms., 4.0 gms., and 2.5 gms. ; total of 11,4 
gms. The plants were then taken out of the water for a day and 
when badly wilted were again submerged. After 2 days they had 
gained as follows : 

Marshall — 4.5 gms., 4.2 gms., and 2.8 gms. ; total of 11.5 gms. 

F. chiloensis 13-C— 4.8 gms., 4.5 gms,, and 2.5 gms. ; total of 11.8 
gms. There was evidence of absorption by the leaves under the con- 
ditions of this test and of about the same value for both kinds. 
Though the amount of absorption was not great, it was sufficient to 
enable the leaves to recover turgidity. 



Effect of Fertilizers on Firmness and Flavor of Straw- 
berries in North Carolina^ 

By Geo. M. Darrow., U, S, Dept, of Ayrkultnrc , Washington, D. C. 

PRESSURE tests to measure the effect of fertilizers on firmness of 
strawberries were made at Willard, N. C., in 1928 and 1931. A 
pressure tester designed by A. G. Galloway was used in 1928 and a 
Chatillon berry tester of the type used by Clark (1) in 1931. Both 
testers are based on the pressure required to force a blunt plunger 
into the berries to a depth of one-eighth inch, the pressure being read 
on a dial in units on the Galloway tester and on a scale in grams on 
the Chatillon tester. The berries .were always held in the same posi- 
tion ; the plunger was forced into the berry on the shoulder about 
one-third of the distance from the calyx to the apical end and forced 
in at a uniform rate. 

In 1928, 40 berries were tested from each plot on each of four 
dates, the tests being made on May 4, 5, 10, and 15. Care was used 
to select berries of uniform size, shape, and maturity. The fertilizers 
were broadcast on the beds at the rates given below on September 28, 
1927. Table I shows the average pressures. 

TABLE I — Pressure Test Results on Berries from Fertilizer Plots, 1928, 
Expressed as Percentages of the Control 


Plot 

No. 

Treatment 

Amount 

(Lbs.) 

Per cent 
Pressure as 
Compared 
with Control 
(Per cent) 

1 

Tankage (9.0% N). 

500 

2.0 

2 

Nitrate of soda (14.8% N) 

500 

5.9 

3 

Superphosphate 

2000 

12.9 

4 

5 

Nitrate of ^da (as in 2)and superphosphate (as in 3) 
No fertilizer (control) - 

2500 

S-9 

6 

Stilf ate of potash 

500 

5.9 

7 

Muriate of potash (50% K 2 O) 

500 

1.0 

8 

Nitrate of soda (as in 2) and muriate of potash (as 
in 7) . 

1000 

16.8 

9 

10 

Superphosphate (3) and muriate of potash (as in 7) 
Nitrate of soda (2) and superphosphate (as in 3) 
muriate of potash (as in 7) 

2500 

3000 

10.9 

8,9 

11 

6(P) — 3(N) — 6(K) (complete) 

1500 

0.0 


Though the fruit of all plots except plot 11 (complete fertilizer) 
showed greater firmness than the control, the differences were neither 
consistent nor significant. Thus, the muriate of potash plot (plot 7) 
gave next to the lowest while the nitrate of soda plus muriate of 
potash plot (plot 8) gave the highest pressure test. As a whole, these 

^This paper records some phases of cooperative investigations on strawberries 
at the Coastal Plain Station in which the Bureau of Plant Industry and the No. 
Car. Dept, of Agr, are cooperating. 
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TABLE II— Pressure Tests of Small and Medium Size Berries from 
Fertilizer Plots — ^Average of 8 Pickings, April 21 to May 15, 1931 
30 Berries per Plot for Each Picking 


Plot 

Pressure (Grams) 

Firmness as Compared with Control 
(Per cent) 

Small 

Medium 

Average 

Small 

Medium 

2 

2a 

2b * 

0(P) 

357.1 

365.9 

356.9 

-4(N)- 

339.1 

334.7 

340.4 

0(K) 

—2.7 

—2.1 

—2.6 



Average 

3 

3a 

3b 

360.0 
8(P] 

385.4 

369.1 
373.7 

338.1 

i — 0(N) — 
358.9 

350.8 

349.8 

—2.6 

0(K) 

+4.0 

+0.6 

+1.1 

+0.6 

—6.5 

Average 

oa 

Ob 

376.1 

o(p: 

392.5 1 

372.4 

382.1 

353.2 

) — 0(N) — 
365.4 1 

348.1 i 

343.1 I 

+1.9 

6(K) 

+5.9 

+0.7 

+1.1 

+5.1 

—1.3 

Average 

7 1 

7a 1 

7b 

382.3 
8(P 

349.3 
360.2 
351.8 

352.2 

)-4(N)- 

338.0 

340.9 

344.4 

+2.1 

■6(K) 

—3.9 

—2.0 

—2.7 

+6.8 


Average 

8 

8a 

8b 

353.8 i 

o(p: 

382.0 

391.6 

367.9 

341.1 

)-4CN)- 

367.5 
344.9 

345.6 

—2.9 

OCX) 

+4,7 
+2.8 
— 0.3 

—1.1 

1 ,—4.7 

Average 

9 

9a 

9b 

380.5 
8(P: 

360.6 
371.1 
359.8 

352.7 

)"-4(N)- 

354.7 

346.8 
332.3 

+2.2 i 

0(K) 

—1.4 

+0.3 

—3.3 

+6.3 : 

—1.4 

Average 

10 

10a 

10b 

360.5 
0(F 

379.8 

371.6 

358.8 

344.6 

‘)-4(N)- 

352.8 

352.8 

331.7 

—1.4 
-6(10 
+2.4 
+ 1.2 
—3.5 

+0.8 

—3.7 

Average 

12 

12b 

370.1 
0(P 

367.5 

339.2 

345.8 

)-4(N)- 

368.5 

329.3 

MjjH 

+3.4 

1 

—3.3 

1 —4.9 

Average 

X 

363.4 

Com 

356.7 

343.9 

fcrol — No Fe 
358.8 

1 —2.5 

rtilizer 

—1.2 

—0.3 

+0.3 

Average of all 

365.9 

347.8 

—0.3 

+2.3 

—2.8 


Note: The small berries were 5.2 per cent firmer than medium sized ones. 
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tests showed no significant effects of fertilizers on firmness. Prac- 
tical!}' all fertilized plots showed slightly increased firmness as com- 
pared to the control. The single control plot, however, may not repre- 
sent a true index of the firmness of non-fertilized berries. 

In 1931, pressure tests were made wuth the Chatillon tester at each 
of eight pickings from April 21 to May 15, 30 berries from each plot 
being used at each picking. Before testing, the berries were carefully 
graded into small and medium sizes, too few large sized berries being 
available for testing. The fertilizer was applied twice, half in Septem- 
ber, 1930 and the rest in January, 1931. The fertilizer was based on 
an 9(P)-4(N)-6(K) application at the rate of 1500 pounds per 
acre. Triplicate plots \vere used, 2a and 2b receiving the same appli- 
cations as plot 2. The nitrogen used on plots 12 and 12b was derived 
from organic sources only, one-half from tankage and one-half from 
cottonseed meal : that used on plots8,8aand 8b from inorganic sources, 
one-half from nitrate of soda and one-half from sulfate of ammo- 
nium. and that used on plots 2, 2a and 2b from all four of the above 
sources in equal proportions. The phosphate was derived from super- 
phosphate and the potassium from muriate of potash. Table II sum- 
marizes the results. 

An inspection of Table II indicates that berries from the nitrogen 
plots, (8, Sa and 8b) where the nitrogen was derived from nitrate 
of soda and sulfate of ammonia, averaged the firmest (2.2 per cent 
above the control), while those from complete fertilizer plots (7, 7a 
and 7b) averaged the softest. In general, where leaf growth was least 
(plots 3, 3a, 3b, 5, 5a, 5b, and 8, 8a, 8b) the berries were firmest and 
w'here leaf growth was greatest (plots 2, 2a, 2b, 7, 7a, 7b, 9, 9a, 9b, 
and 12, 12b) the berries were softest. There was relatively little dif- 
ference in firmness of berry between the different fertilizer plots. 

Averaging all plots receiving nitrogen fertilizer, either alone or in 
combination wdth P and K gives an average of 1.2 per cent below the 
check in firmness. Similarly averaging all plots receiving P gives an 
average of 0.8 per cent below the check, and the K plots were 0.3 per 
cent below the check. These differences obtained by using berries of 
similar size from the different plots are obviously ' too slight to be 
significant. 

Though there was little evidence that fertilizers made berries 
firmer, or softer, the difference (5.2 per cent) in pressure tests of the 
small and medium sized berries is consistent and sufficient to be sig- 
nificant. Small berries have a higher dry weight than large ones® and 
the greater dry weight of the small berries seems to be correlated 
with higher pressure tests than for large berries. 

The plots to which nitrogen has been applied have in previous years 
produced much larger berries than those to which no nitrogen had 
been applied. In 1931 but few counts w'ere made. In 1930, however, 
counts of 1 1 to 14 quarts from each plot from which the records in 


"Unpublished data of writer. 
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Table II were obtained gave an average of 13 per cent larger berries 
from nitrogen plots than from those not receiving nitrogen. Observa- 
tions and some counts made in other years have conlirmed this result. 
The larger size of berries from nitrogen plots seems to have been pro- 
duced by greater swelling of the berries. Since large berries tend to 
be softer than small ones, it would be expected that the larger berries 
from the nitrogen plots would be softer than those from the no- 
nitrogen plots. 

While the pressure testers here used give a satisfactory mechanical 
reading of the firmness of the berry, other factors also enter into the 
determination of carrying and storage quality. Toughness of skin and 
tendency to shrivel are especially impoi'tant. Consequently, holding 
tests of berries from the various fertilizer plots have been made dur- 
ing each of the 4 years since 1928 and shipping tests during 2 of the 
years in which fertilizer effects have been studied in North Carolina. 
These tests also have shown no effect of fertilizers on storage or 
carrying quality. The tests have indicated, however, that in some 
seasons fertilizers may have indirect effects on shipping quality in 
that the nitrogen may increase leaf size and number, and in turn the 
larger and greater number of leaves tend to increase the amount of 
rot in the field and in transit. A fuller report of this is being pub- 
lished elsewhere. 

In the fertilizer plots at Willard the Missionary variety was used 
in 1928 and 1929. In 1928, no consistent differences in flavor due 
to fertilizers were noted. In 1929, berries were tested for flavor 
on May 4 and, in the opinion of the writer, the differences were very 
apparent. Berries from plots receiving both muriate and sulfate of 
potash were sour and lacking in flavor. Berries from the plots receiv- 
ing sulfate of potash plus nitrogen (tankage and nitrate of soda ) were 
only slightly less sour and were also lacking in flavor. Berries from the 
superphosphate plots were sweeter and better in flavor than from the 
above mentioned ones while those from the plots receiving superphos- 
phate plus nitrogen (tankage plus nitrate of soda) were much the sweet- 
est and finest in flavor. Berries from the control and from the nitrogen 
(tankage) plots were more sour than those from the superphosphate 
plots. Berries from the duplicate plots had similar rank in flavor. It 
is noteworthy also that plots with both sparse and heavy leaf grow^th 
produced poor or fine flavored berries according as potash or super- 
phosphate was applied. 

The reason for the apparent differences in the develo])ment of 
flavor in 1928 and in 1929 is not evident. Both seasons were cool and 
wet but that of 1928 was nearly 3 weeks later than that of 1929. The 
temperatures just before the tests were made were above average 
but were higher in 1928 than in 1929. Leaf growth was much less 
in 1929 than in 1928. 

In 1930 , with the Blakemore variety, differences in flavor could be 
detected at times during the season, though not always. In general, 
the fruit from the phosphorus and nitrogen plots seemed to" he the 
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best flavored and that from the potassium plots the poorest flavored. 
Preserves were made in the National Preservers Association Re- 
search Laboratory in Washington, from fruit from the different plots. 
Specialists from that laboratory reported that preserves from the 
plots receiving nitrogen, nitrogen plus phosphorus, and phosphorus 
were markedly superior to preserves made from berries from the plots 
receiving potassium and potassium plus nitrogen. 

In 1931 no consistent differences in effects of fertilizer on flavor 
were obtained. 

The results in 1929 corroborate the findings of Vercier (2) on the 
effect of fertilizers on the flavor of strawberries. Vercier scored 
berries from fertilizer plots for flavor. With berries from a control 
plot scoring 80.0 and described as having a typical strawberry flavor, 
berries from a plot to which slag and sulfate of potash but no nitrogen 
were applied scored 60.0 and were described as lacking flavor and not 
so sweet. Berries from a complete fertilizer plot were scored 63.0 
but those from a slag and nitrogen plot with no potash were scored 
93.5 and were descril3ed as having very fine flavor. Those from a 
sulfate of potash and nitrogen plot scored 75.5. 
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The Effect of Fertilizers on the Handling Qualities and 
Chemical Analyses of Strawberries and Tomatoes 

By George W. Cochran, and J. E. Webster, Oklahoma 
A, & M. College, Stillwater, Okla, 

A. Handling Qualities 

jpRACTICALLY all of the strawberries grown in Oklahoma are 
sold in carload lots and are shipped to cities as far north as St. 
Paul and east to Pittsburg. They must be in good condition to stand this 
long shipment. Besides the distance, there are several other condi- 
tions which make the problem of the firmness of the fruit important. 
At harvest time the temperature is high with frequent rains. Many 
of the berries are grown on new land which produces a heavy foliage. 

The development of a green-wrap tomato industry and a question 
of quality as well as yield for the tomato canneries of the state 
seemed to justify the experiment station in starting work on this 
phase of the problem. It seemed wise that a laboratory study be made 
of the structure as well as the chemistry of the fruits grown under 
the various treatments. 

Claims have been made that fertilizers high in nitrogen will cause 
soft fruit while others claim tliat potash or a combination of these 
will produce a firmer fruit. In order to study this problem, work 
was started in which strawberry^ plants were growTi in especial!}^ con- 
structed concrete beds. A slope of 1 inch to 6 feet allowed sufficient 
drainage for eadi bed while the 4-inch slope in the 70 feet with drain 
tile prevented any fertilizer that leached out from reaching the ad- 
joining plot. 

The general growth of the plants seemed to indicate that there 
was no effect from one plot on another. The soil was made up of 
river-washed sand and ^ fine sand known as ‘‘blow sand,” both low 
in fertility. 

The fertilizers were mixed and worked into the soil by cultivating 
it 2 inches deep. After 3 days, on March 10, the plants were set out, 
using 49 uniform pot-grown plants to each bed. No blossoms were 
allowed to form the first 3 ’ear. No plot without nitrogen being applied 
in the form of commercial fertilizer produced enough berries for a 
test the first year. All those receiving nitrogen did. In December a 
heavy mulch of prairie hay was applied. The fertilizer treatments per 
plot were as follows: 1000 lbs. per acre each of 10-5-5, 10-5-0, 
10-5—10, 10—5—3, 0—5—3, check, 5—5—5, MnSO-i, 10—0—5, 10-3-5, 10— 
5-5, 10-10-10, the order being N P K. 

These plants were watered following the picking. Pressure tests 
were made on the shoulder of the berry, using 25 berries from each 
bed and six lots taken at different times. This gave 150 pressure tests 

236 
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for each treatment. The pressure tester is one used for testing sweet 
corn and is made by the L. S. Starrett Company, Athol, Mass. A 
plunger of 3.516 mm. diameter was used. The same tests were made 
on berries grown under field conditions in triplicate plots, each 40 x 
50 feet. The soil is a sandy loam low in humus. 

TABLE II — Number and Weight of Berries From Concrete Beds at 

Stillwater 


Plot No. 

Treatment 

Total No. 
Berries 

Total Weight 
(Grams) 

Average Weight 
per Berry 
(Grams) 

I 

1 10-5-5 

849 

4943.2 

5.82 

II 

10-5-0 

809 

6460.67 

6.75 

Ill 

10-5-10 

761 

5172.98 

6.8 

IV 

10-5-3 

681 

5184.8 

7.61 

V 

0-5-3 

477 

3034.1 

6.36 

VI 

0-0-0 

567 

3354.76 i 

5.93 

VII 

5-5-5 

704 

4647.02 

6.08 

VIII 

TX 

MnSO^ 

0-0-0 

10-0-5 

368 

3544.4 

6.88 

X 

595 

4766.5 

6.33 

XI...;.... 

10-3-5 

592 

3970.7 

6.707 

XII 

10-5-5 

610 

4254.1 

7 

XIII 

10-10-10 

693 

4538.2 

6.54 


The dry weather of 1929 and 1930 made the yields in the field vary 
somewhat with the amount of nitrogen applied. All the applications 
were figured at 1,000 pounds to the acre, half of which w’as applied 
in September and the other half in March of the following spring. 

There was one plot in the field in which a fertilizer of 15-5-3 was 
used. In all cases under field conditions where the application of 
nitrogen was high, fewer plants came through the dry season, with 
a smaller yield per plot. This holds even for tomatoes which were 
grown under field conditions near the strawberries. 

Berries were held for 5 days in a storage at 40 degrees F. and then 
allowed to stand in a warm room 2 days. It was found that every 
berry that showed decay had been bruised in picking. The decay 
started on the shoulder of the berry. In another test, a number of 
berries had been washed with a spray of water on one side. The fruits 
were then exposed to direct sunlight- The side of the fruit that was 
washed shriveled in 3 hours while the berries which were not washed 
did not show this drying. Little difference was found in the berries 
from the different fertilizer treatments as shown in the table of 
pressure tests and the same is true in the shipping of the tomatoes. 

Tables I to V show that out of seven shipments of tomatoes in 
which the 6-basket carrier was used, those from the check plot 
shipped best, but that the treatment 10-3-5 was next best. This is 
only 2 years’ work, both years of which were very dry, and so no 
conclusions are drawn. 

With the stravrberryj, it seems that the humidity at or just previous 
to picking has much to do with the firmness of the berry. From the 
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amount of injury that occurs from careless picking and handling, 
it would seem that a mechanical picker which would cut the pedicel 
of the berry might be desirable. The amount of rainfall during the 
haiwesting may so affect the firmness of the fruit that the grower 
will pick the fruit less mature for distant shipment. It seems, from 
our work, that the fruit in the latter part of the season is softer 
than during the early or mid-season. 


TABLE IV— Results of Fertilizers on the Handling Qualities of 
Tomatoes July 29, to August 19, 1931, 7 Shipments 


Fertilizer Treatment 

Total 

Firm 

Fruit 

Total 
Slightly 
Soft Fruit 

Total 

Soft 

Fruit 

Total 1 
Bruised 
Fruit i 

Total 

Broken 

Fruit 

Total 

Decayed 

Fruit 

Total 

Fruit 

Used 

0-5-5 

29 

27 

33 

24 

14 

25 

124 

10-5-10 

19 1 

2S 

41 

37 

9 

25 

135 

10-10-10 

21 

27 

47 

32 

7 

30 

131 

10-5-5 (I-l) 

23 

25 

40 

35 

12 

28 

133 

10-0-5 

30 

16 

43 

23 

11 

29 

128 

10-3-5 

35 

30 

18 

27 

13 

27 

I 130 

15-5-5 

30 

17 

32 

22 

5 

25 

128 

Check. . 

41 

27 

29 

27 

12 

11 

129 

MnS 04 

29 

23 

35 i 

34 

13 

19 

130 

10-5-0 

25 

40 

30 

32 

15 

! 19 

136 

10-5-15. 

29 

32 ! 

62 

35 

14 

27 

146 

10-5-5 (III-3) 

28 

21 1 

34 

33 

11 

19 

129 


TABLE V- — Yield of Bonny Best Tomatoes From Fertilizer Test at 
Perkins (Calculated on Basis of 25 Vines per Plot) 


Total Number and Weight of All Three Plots of Like Treatment 


Series No. 

Plot No. 

Treatment 

Total No. Fruits | 

Total Weight 
Fruit 

I 

1 

10-5-5 

1423 

237.2 

II 

1 

0-5-5 

1569 

267.4 

Ill 

1 

1 10-0-5 

982 

150.4 

I 

2 

10—5—0 

1454 

215.5 

II 

2 

0-0-0 

1256 

201.S 

Ill 

2 

10-3-5 

1414 

202.6 

I 

3 

10-5-10 

1764 

246.8 

II 

3 

MnS 04 

1216 

203.6 

III. 

3 

10-5-5 

1487 

235.2 

I 

4 

10-5-15 

1727 

252.5 

II 

4 

15-5-5 

1528. 

231.6 

Ill 

4 

10-10-10 ! 

1892 

280.2 


B. Chemical Analyses 

The chemical analyses of strawberries and tomatoes herein re- 
ported are only the beginning of this phase of the work and should 
not be considered as final. In this work the conventional methods 
were used in securing the figures for water and acidity percentages. 
The Youden quinhydrone indicator set was used in securing the pH 
figures. For the determination of sugars, samples were preserved in 
alcohol and estimations run on the extract using the Shaffer-Hart- 






TABLE VI— Chemical Analyses of Stjrawberries Showing the Effect of Various Fertilizers Applied in the Field 
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man procedure. Pectin constituents were estimated essentially as 
done by Appleman and Conrad (1). 

In Table \"I are shown the analyses of strawberries grown in the 
field. Analyses of samples grown in the concrete beds are not in- 
cluded in order to save space. Except in the case of acidity and total 
pectin, which are slightly higher, the two series of analyses are quite 
similar. 


TABLE VII — Chemical Analyses of Tomatoes Showing the Effect of 
Various Fertilizer Treatments Applied in Field. (1930 and 1931) 




Percentages of Fresh Weight 

Fert. 

Acidity 

Water 

Solids 

Red. Sng. 

Acid 

Hydrol. 

Residue 

Pectin 

10-O-5.. 

10.55 

92.84 

7.16 

2.77 

.342 

.834 

.105 

10-3-5.. 

11.52 

93.54 

6.96 

2.74 

.379 

.819 

.088 

10-10-10 

12.10 

92.58 

7.42 

2.66 

.376 

.849 

.068 

10—5—0 . . 

11.40 

93.01 

6.99 

2.80 

.362 

.872 

.086 

15-5-5 . . 

11.00 

93.05 

6.95 

2,88 

.317 

.775 

.124 

10-5-10. 

10.70 

92.95 

7.15 

2.S9 

.363 

.796 

.104 

10-5-15. 

12.10 

92.84 

7.16 

2.82 

.371 

.819 

.120 

10-0-5.. 

10.08 

92.94 : 

7.06 

2.70 

.348 

.834 

.114 

Check. . . 

9.35 

93.02 1 

6.98 

2.77 

.331 

.810 

.102 

0-5-5. . . 

12.38 

92.62 i 

7.38 

2.78 

.350 

.790 

.102 

MnS 04 . , 

9.75 

93.28 1 

6,72 

2.78 

.323 

.885 

.114 


While admitting that probably the variations in chemical comp(3si- 
tion of berries harvested from any one plot at different times are 
greater than the dilferences due to fertilizer applications as shown 
by Kimbrough (2), we cannot overlook the fact that these berries as 
sampled were picked at nearly comparable stages of maturity, which 
should overcome most of this difficulty. In attempting to correlate 
these data with the results of pressure tests given in Part A, we find 
only one significant fact, namely, that those berries which showed the 
highest test were invariably highest in total pectin. Howex'er, the total 
pectin percentages cannot be said to vary in an\^ manner correspond- 
ing to the fertilizer treatments as shown in the table, for the two 
highest percentages are from the 10-10-10 and check plots. Perha])s 
data from future years will show a greater correlation. 

Our work with tomatoes was quite like that with strawberries, 
except that in sampling the fruit we could select ample material frcjin 
all plots at one time of about the same degree of ripeness, thus re- 
moving most questions as to uniformity of samides. Talile \TI is 
a compilation of 2 years’ work. In this table, total ])ectin and ])roto- 
pectin figures are omitted, since the 1930 figures for these compounds 
are not available. For 1931 these figures are similar in range to the 
pectin figures. It is interesting to note the al^sence of an\- disaccharides 
in tomatoes, a fact confirmed by two years’ findings. 

^ In attempting to correlate these figures with the shipping data 
given in Part A, we find very little correlation possible. In examining 
the carbohydrate analyses, we at once see not a difference hut a re- 
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markable similarity in the figures, so much so in fact that it becomes 
a point for comment. Such a similarity is shown in each year’s work. 
Perhaps the best explanation lies in the scant rainfall each year at the 
time when the fruit was maturing. In examining the pectin percent- 
ages we find marked differences, but these differences, as a rule, do 
not correspond to the results of the shipping tests. What little evi- 
dence of correlation appears seems to indicate that the lower content 
of pectic materials is found in samples which ship best. More work 
will be necessary, however, before any final statements may be made 
dealing with this factor. 
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Respiration Studies with Lettuce 

By K. A. McKenzie/ State College of JVashiugtoii, Pullman, Wash. 

J^AGNESS and Ballard (4) stud3ing pears, Burroughs (1) em- 
plo}dng apples, and Overholser, Hardy and Locklin (7) with 
strawberries, have indicated that respiration intensity is to some ex- 
tent, a measure of the degree of maturity. Overholser (1930) i*e- 
ported that the type of container may modify the atmosphere sur- 
rounding the fruits or vegetables. 

Materials and Methods 

The lettuce for the respiration studies was obtained from two 
sources, i.e., the local stores at Pullman, Washington, and directly 
from commercial fields at Puyallup, Washington. The material from 
the first source was comparable to lettuce as purchased by consumers, 
while that from the second source was comparable to freshh' har- 
vested lettuce. 

Ten-inch desiccators fitted with rubber stoppers and stop-cocks 
were used as respiration chambers. Each jar held one large or two 
small heads of lettuce. Constant temperatures were maintained and 
the gas samples were analyzed by means of an Orsat apparatus. 

To obtain gas samples from between the leaves and from the inter- 
cellular spaces, the heads were placed in the jars and the lids securely 
affixed. By means of a two-holed rubber stopper, one tube extended 
to the bottom of the jar and the other, to just within the jar. The 
jar was inverted over a ring stand and a saturated salt solution al- 
lowed to run in until the desiccator was filled. The tube extending 
to the bottom was then closed and suction applied until all the salt 
solution was withdrawn!. The solution was then allowed to run in 
again until the pressure within was equalized wn'th the atmospheric 
pressure without. The gas that had collected in the jar was tlien 
withdrawn and analyzed. 

To obtain a sample of the gas from between the leaves, a desiccatt^r 
was filled with water and inverted over a large tub of water. The 
head of lettuce was then plunged into the water and under the desic- 
cator. As the leaves were stripped off, the gas collected in the jar 
and was then drawn off and analyzed. 

Presentation of Data 

Maturity: The rate of respiration of mature and immature lettuce 
from commercial fields was compared. The immature lettuce was 
small, soft, and not sufficiently mature for commercial harvest. The 

^The data reported were obtained while the writer was engaged in graduate 
work at the State College of Washington. The many helpful suggestions and 
criticisms received from Dr. E. L. Overholser and other members d the factdty 
are gratefully acknowledged. 
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data are as follows : For the first 6 hours the immature lot respired 
92.37 mgms. of carbon dioxide per kilo per hour, the next six hours 
53.29 mgms. and for the last 12 hours, 36.10 mgms. The mature lot 
respired 65.27 mgms. of carbon dioxide per kilo per hour for the 
first 6 hours, 43.93 mgms, for the next 6 hours, and 34.11 mgms. for 
the last 12 hours. The respiration ratio for the immature lot was .736 
for the first 6 hours, .571 for the next 6 hours and .687 for the last 
12 hours. For the mature lot .95 for the first 6 hours, .794 for the 
next 6 hours, and .842 for the last 12 hours. 

Discarding the first period as the period necessar}' to reach equilib- 
rium, the immature lot was still higher in respiration intensit}' than 
the mature. In the last 12 hours, however, the respiration rate was 
nearly the same in both lots. The mature heads more nearly ap- 
proached unity when comparing the respiration ratios. 

Temperature : Three lots of lettuce were subjected to temperatures 
of 0 C., 4.4 C., and 25 degrees C. The 0 degrees C., was maintained 
in a cold storage room, the 4.4 degrees C., in the greenhouse base- 
ment, and the 25 degrees C. in a constant temperature chamber. The 
lettuce was from a local store, the weights of the indi\fidual heads 
being approximately the sarrle. A check on the loss in weight was 
also made in conjunction with the respiration studies. The results 
were as follows: At 25 degrees C. for 48.61 hours in storage the 
respiration rate was 54.83 mgms. of carbon dioxide per kilo per hour 
with a respiration ratio of .917 and a 6.33 per cent loss in weight. 
At 4.4 degrees C. for 60.25 hours in storage the respiration rate was 
12. fS mgms, with a respiration ratio of .881 and a 1.28 per cent loss 
in weight. At 0 degrees C. for 62.95 hours in storage the respiration 
rate was 6.51 mgms. -with a respiration rate of .842 and a 1.21 per 
cent loss in weight. 

The data show that the respiration rate at 4.4 degrees C. increased 
about 100 per cent over that at 0 degrees C., and at 25 degrees C. the 
increase was 400 per cent over that at 4.4 degrees C. The increases 
shown correspond to that found by Gore (3) that for every 10 de- 
grees C. rise in temperature the respiration rate increases 2.376 
times. The data also indicate that the higher the temperature the 
nearer to unity becomes the respiration ratio. 

At the two lower temperatures the loss in weight is nearly equal, 
but at the higher temperature the loss is about five times greater. 

Removal of outer leaves: Locally-purchased lettuce of uniform size 
and weight was used. The respiration intensity of lettuce heads with 
the outside leaves attached was compared with lettuce having the out- 
side leaves removed. The results were as follows ; The heads with the 
outside leaves removed with a storage test period of 24.68 hours had 
a respiration rate of 41.85 mgms. of carbon dioxide per kilo per hour. 
The respiration ratio was .831. The heads with the outside leaves in- 
tact with a storage period of 24.6 hours had a respiration rate of 59.57 
mgms. and a respiration ratio of .938. 
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The data show that the heads having the mature outside leaves in- 
tact respired more rapidly. The gain in respiration intensity of the 
intact lettuce head resulted from the outside leaves which had reached 
a more advanced stage of mautrity. 

At the conclusion of the tests the heads with the outside leaves at- 
tached showed considerable wilting, and slime mold, while the heads 
with outside leaves removed showed only slight wilting. The centers 
of both lots were in good condition. 


TABLE I — The Influence of Carbon Dioxide upon Respiration Intensity 


Length o£ 
Test 
(Hours) 

Mgms. Coj produced per 1000 grams 
Lettuce per Hour 

Per cent COa 

Surrounding Heads of 
Lettuce 

Stopcock 

Closed 

Half Open 

Open 

Stopcock 

Closed 

Half Open 

Open 

65 

35.46 

39.27 

34.38 

8.07 

6.32 

6.85 

112 

28.75 

23.52 

25.00 

12.22 

9.02 

11.15 

207 

13.71 

11.10 

10.16 

17.05 

11.50 

14.22 

255 

10.00 

12.43 

8.29 

18.67 

12.97 

15.52 


Composition of atmosphere: Thornton (9), and Willaman and 
Beaumont (10), have shown that carbon dioxide has a retarding ef- 
fect on respiration and tends to keep samples longer than check 
samples in the open air. Three lots of lettuce were stored in desic- 
cators to test the accumulating effect of carbon dioxide on length of 
storage period. The first lot was stored in jars completely closed, and 
only opened to withdraw gas samples for analyses. The second lot 
was put into jars with the stopcocks one-half open, and the ^hird 
lot with the stopcocks completely open. Each time an analysis was 
made only enough air was admitted to equalize the pressure in the jar 
with the air pressure. Table I gives the results. 

In the jars with the stopcocks completely closed the heads showed 
browning of the outer leaves after 207 hours and after 255 hours 
showed considerable browning and mold. The heart leaves showed a 
])rown specking typical of suboxidation as described by Stewart and 
Mix (1917) and Nelson (1926). In the two sets of respiration cham- 
bers with the stopcocks partly and completely open, the outer leaves 
did not show as much breakdown as did those in the closed chambers. 
The heart leaves, however, showed some specking. All lots were 
beyond any further use due to breakdown. 

The data indicate that an increase in the percentage of carbon 
dioxide surrounding the lettuce tended to reduce the further produc- 
tion of carbon dioxide. 

Tiphurn: One of the greatest sources of loss to the lettuce grower 
is through tipburn. Some lots of lettuce were obtained from a tipburn 
plot and the respiration intensity compared with commercial lots 
directly from the fields. An additional lot was stored in a cellar at 
15.6 degrees C. for a definite period of time before being tested. All 
heads were sound, hard, and mature. The results were as follows : 
In the tipburn plot with no previous storage the rate was 81.85 
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mgms. for the first 6 hours, 52.02 nigms. for the next 12 hours, and 
52.72 mgms. for the last 6 hours. For the commercial plot the rate 
was 61.48 for the first 6 hours, 39.96 mgms. for the next 12 hours and 
48.29 mgms. for the last 6 hours. After 26 hours storage the tipburn 
plot respired 44.96 mgms. for the first 6 hours, 41.48 mgms. for the 
next 12 hours and 58.97 mgms. for the next 6 hours. For the com- 
mercial plot the rate for the first 6 hours was 32.84 mgms., 29.69 
mgms. for the next 12 hours, and 38.71 mgms. for the last 6 hours. 

Lettuce from the tipburn plot showed the highest respiration in- 
tensity. The initial rate in the material not stored was high, the tem- 
perature of storage being lower than the room temperature. The dif- 
ferences in respiration intensity at different intervals after harvest 
are also .shown. The initial rate is high, the second period low, with 
the third analysis tending to rise. After 26 hours storage the last 
analyses were higher than the first analyses. This indicates that after 
an initial high rate the intensity temporarily drops but again rises. 

Occluded gases: The composition of the atmosphere between the 
leaves within the head and of the intercellular gas were determined. 
Lettuce was obtained directly from a commercial crate before the ice 
had melted, one lot being taken from the outside layer and one lot 
from the center of the crate. The lettuce temperature was 2 degrees 
F. lower in tfie center than in the outside layer. In wdthdratving the 
gas the salt solution and vacuum method was used, as previously 
described. Three samples were withdrawn, each succeeding the other 
without additional air being admitted to the jar. The results are 
shown as follow^s: 

The first analyses of the occluded gases from the outside layer 
of lettuce was 3.32 per cent carbon dioxide and 17.5 per cent ox^^gen. 
The center heads were 2.46 per cent carbon dioxide and 19.39 per 
cent oxygen. The second analyses was 27.8 per cent carbon dioxide 
and 3.9 per cent oxygen for the outside layer and 19.2 per cent car- 
bon dioxide and 6.8 per cent oxygen for the center heads. The third 
analyses was 38.1 per cent carbon dioxide and 4.7 oxygen for the 
outside la}'er and 49.6 ]>er cent car])on dioxide and 3.2 ])er cent oxygen 
for the center layer. 

As the first analysis only shows a total of both carbon dioxide and 
oxygen equal to that of the air, it was presumed largely to be the 
gas from between the leaves. The second and third samples, however, 
contained high percentages of carbon dioxide. In the third analysis 
the center lot of lettuce show^ed the highest per cent of carbon dioxide 
and low^est of oxygen. This may have a bearing on the work of 
De Long (2), that the colder the samples are before allowing to reach 
laboratory temperatures, the more carbon dioxide there will be in 
.solution in the cell sap. It is likely, however, that the carbon dioxide 
content of heads from the center was higher because of less adequate 
aeration in comparison with the heads on the outside of the crate. 

Solid mature lettuce heads were obtained direct from the field and 
tlie gas from between the leaves analyzed. One lot was stored in a 
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cellar at 15.5 degrees C. a definite period before analyzing the gas. 
A third immature lot was also tested at the same time. _The results 
are as follows: The immature lot with no storage contained .713 per 
cent carbon dioxide and 19.19 per cent oxygen between the leaves. 
The respiration ratio was .442. The mature lot with 40 hours storage 
contained .55 per cent carbon dioxide and 19.75 per cent oxygen with 
a respiration ratio of .652. An immature lot with no storage contained 
,3 per cent carbon dioxide and 20.1 oxygen with a respiration ratio of 
.428. 

The hard, mature heads showed the greatest percentage of carbon 
dioxide, with the mature storage lot next, and the immature lot last. 
The field temperatures were lower than laboratory temperatures, 
which, perhaps, did not allow any of the lots to come to equilibrium 
except the storage lot. The storage lot had the highest respiration 
ratio, although all three lots w^ere low in respiration ratio. 
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Some Effects of Irrigation Upon Yield and Quality of 
Potatoes Produced in the Yakima Valley^ 

By L. L. Claypool/ and O. M. Morris, Washington State College, 

Pullman, Wash, 

J N order to obtain large yields of any crop it is recognized that soil 

fertility is essential. In the arid region of the Yafema Valley of 
central Washington, soil moisture deficiency is one of the major fac- 
tors limiting soil fertility. Consequently irrigation is necessary in the 
production of any horticultural crop. 

Method of Procedure 

To determine some effects of different irrigation treatments upon 
yield and quality of potato tubers, experiments were conducted at 
the Irrigation Branch Station of the State College of Washington 
from 1925 to 1930 inclusive. The Netted Gem (Russet Burbank) 
variety was used. The water content of the soil of each plat was 
brought up to field capacity just previous to planting. There were six 
irrigation treatments during most of the experiment. Plat 1 was 
kept moist throughout the growing season by weekly irrigations of 12 
hours duration through each furrow. Plat 2 received approximately 
one-half the amount of water given Plat 1 by weekly irrigations of 
12 hours, alternating furrows so that only one-half of the furrows 
were irrigated at any one time. Plat 3 was irrigated only once dur- 
ing the growing season and then through alternate furrows so that 
only a portion of the soil mass was saturated. The plants at that time 
were in a badly wilted condition. Plat 4 was irrigated similarly to 
Plat 2 until blossom time, and thereafter similarly to Plat 1, Plat 5 
received no water until blossom time and thereafter received the 
treatment of Plat 1. The treatment of Plat 6 was the reverse of Plat 
5, i.e., receiving the irrigation treatment of Plat 1 until blossom time 
followed by an irrigation given at the same time and in a comparable 
manner to that received by Plat 3. 

Observations were made regarding the ri^pe of plant growth on 
each plot. The potatoes were dug at the end of the season and care- 
fully graded according to U. S. standards with regard to shape and 
size. Mechanical injuries or insect damage were not considered as 
these are not influenced by the irrigation practice. In 1930 the plats 
were duplicated. The rows within the plat were harvested and graded 
separately. Results from rows receiving the same treatment were al- 
most identical so that the data are combined in the tables. Data from 
previous years were comparable with respect to yield. Hence, the 

^Published as Scientific Paper No. 209, College of Agriculture and Experi- 
ment Station, State College of Washington. 

^.Acknowledgment is made to Harry Jensen, horticulturist at the Irrigation 
Experiment Station through 1929 for his part in these studies. 
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cellar at 15.5 degrees C. a definite period before analyzing the gas. 
A third immature lot was also tested at the same time. ^Tlie results 
are as follows: The immature lot with no storage contained .713 per 
cent carbon dioxide and 19.19 per cent oxygen between the leaves. 
The respiration i*atio was .442. The mature lot with 40 hours storage 
contained .55 per cent carbon dioxide and 19.75 per cent oxygen with 
a respiration ratio of .652. An immature lot with no storage contained 
.3 per cent carbon dioxide and 20.1 oxygen with a respiration ratio of 
.428. 

The hard, mature heads showed the greatest percentage of carbon 
dioxide, with the mature storage lot next, and the immature lot last. 
The field temperatures were lower than laboratory temperatures, 
which, perhaps, did not allow any of the lots to come to equilibrium 
except the storage lot. The storage lot had the highest respiration 
ratio, although all three lots were low in respiration ratio. 
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Some Effects of Irrigation Upon Yield and Quality of 
Potatoes Produced in the Yakima Valley^ 

By L. L. Claypool/ and O. M. Morris, Washington State College, 

Pullman, Wash, 

J N order to obtain large yields of any crop it is recognized that soil 
fertility is essential. In the arid region of the Yakima Valley of 
central Washington, soil moisture deficiency is one of the major fac- 
tors limiting soil fertility. Consequently irrigation is necessary in the 
production of any horticultural crop. 

Method of Procedure 

To determine some effects of different irrigation treatments upon 
yield and quality of potato tubers, experiments were conducted at 
the Irrigation Branch Station of the State College of W^ashington 
from 1925 to 1930 inclusive. The Netted Gem (Russet Burbank) 
variety was used. The water content of the soil of each plat was 
brought up to field capacity just previous to planting. There were six 
irrigation treatments during most of the experiment. Plat 1 was 
kept moist throughout the growing season by weekly irrigations of 12 
hours duration through each furrow. Plat 2 received approximately 
one-half the amount of water given Plat 1 by weekly irrigations of 
12 hours, alternating furrows so that only one-half of the furrows 
were irrigated at any one time. Plat 3 was irrigated only once dur- 
ing the growing season and then through alternate furrows so that 
only a portion of the soil mass was saturated. The plants at that time 
were in a badly wilted condition. Plat 4 was irrigated similarly to 
Plat 2 until blossom time, and thereafter similarly to Plat 1. Plat 5 
received no water until blossom time and thereafter received the 
treatment of Plat 1. The treatment of Plat 6 was the reverse of Plat 
5, i.e., receiving the irrigation treatment of Plat 1 until blossom time 
followed by an irrigation given at the same time and in a comparable 
manner to that received by Plat 3. 

Observations were made regarding the type of plant grow^th on 
each plot. The potatoes were dug at the end of the season and care- 
fully graded according to U. S. standards with r^ard to shape and 
size. Mechanical injuries or insect damage were not considered as 
these are not influenced by the irrigation practice. In 1930 the plats 
were duplicated. The rows within the plat were harvested and graded 
separately. Results from rows receiving the same treatment were al- 
most identical so that the data are combined in the tables. Data from 
previous years were comparable with respect to yield. Hence, the 

^Published as Scientific Paper No. 209, College of Agriculture and Experi- 
ment Station, State College of Washington, 

^Acknowledgment is made to Harry Jensen, horticulturist at the Irrigation 
Experiment Station through 1929 for his part in these studies. 
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1930 data only are used to express results as it is believed that they 
are representative and more complete. 

The water applied to the plats was not measured. Measurements 
of water for a number of 'irrigations on potatoes at another part of 
the Station grounds and on similar soil, have shown that the soil 
absorbs about 4 acre-inches of water in 12 hours. 

Results 

Effect on plants. In Plat 1 the plants grew rapidly after the first 
irrigation and produced a large functional leaf area early in the 
season. The foliage was light green in color, characteristic of nor- 
mal, healthy plants. The leaves ceased functioning because of the 
normal completion of the life cycle approximately 2 weeks before the 
first killing frost. The plants in Plat 2 were about 10 days later than 
those in Plat 1 in attaining full size because their first irrigation w^as 
late. The leaves, however, functioned about a week longer than did 
the leaves on Plat 1. The plants in Plat 3 did not attain a large size, 
and had the dark green color indicative of a drought condition in the 
soil. They remained dark green and functional until killed by frost 
or about 2 weeks longer than the plants in Plat 1. The plants in Plat 
4 were comparable to those in Plat 2 in attaining full growth, and in 
remaining functional for about the same period of time. Plants in 
Plat 5 were nearly 3 wrecks later in attaining full size than those in 
Plat 1. Upon irrigation the foliage changed from a dark green to the 
normal light green color. The leaves functioned as late as those in 
Plats 2 and 4. The plants in Plat 6 grew vigorously, similar to those 
in Plat 1, during the early part of the season, and functioned to 
capacity for about 6 weeks. Thereafter, they gradually attained a 
pale yellowish green color, and died about 2 weeks earlier than those 
in any other plat. 

Effect on yield. Studies on apples and pears have shown a direct 
correlation between leaf area and the yield and size of fruit. It is 
not unreasonable to suspect that this same relation holds true with 
other plants where the yield of the storage organ is considered. In 
our potato fertilizer plots a close correlation has been found between 
yield and size of tubers and the dry weight of vines. In plots where 
soil moisture is one of the primary limiting factors in fertility, a 
correlation between yield and size of tubers and the functional leaf 
area would be anticipated. Table I shows the comparative yields of 
the plats and the percentage gradings according to size and shape 
which fall into the different U. S. grades. 

The yield on Plat 1 where the soil moisture was not allowed to 
become deficient was 2j4 tons greater than on any other plot. In 
previous years the yield of Plat 1 more nearly approached the yields 
of Plats 2 and 4. All plots receiving water at regular intervals after 
blossom time produced 10 tons or more of tubers to the acre. Those 
plots, however, receiving water regularly, even before blossom time, 
produced more heavily than others, indicating that the leaves func- 
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tioned at capacity longer than in the other plats. Plat 6 produced 
a surprisingly high yield considering the life of the vines. This may 
be explained by the high functional capacity of the vines until several 
weeks after blossom time. In 1929, under less favorable weather 
conditions, Plat 6 produced only one-half as great a total yield as 
either Plats 1, 2, or 4. Plat 3 produced the lowest yield because the 
leaves were not allowed to function normally at any time. 


TABLE I — lELD OF Potatoes from Irrigation Plats 




Tons per Acre 


I 

1 Per cent Grading by Weight 

Plat 

u. s. 

U. S. 

1 


Per cent 

! 

Per cent 

, Per cent 

Number of Tub- 

No. 1 

No. 2 

Culls 

Total 

U. S, 
No. 1 

U. S, 
No. 2 

Culls 

ers in Four 
100-ft. Rows 

1 

10.4 

2.1 

0,7 

13.2 

78.8 

15.9 

5.3 

2,069 

2 

8.3 

1.3 

0.6 

10.2 

81.4 

12.7 

5.9 

1,512 

3 

2.1 

2.5 

3.0 

7.6 

27.6 

32.9 

39.5 

1,818 

4 

8.0 

1.9 

0.9 

10.8 

74.1 

17.6 

8.3 

1,714 

5 ' 

5.6 

2,7 

1.7 

10.0 

56.0 

27.0 

17.0 

1,831 

6 

5.8 

3.0 1 

0.9 

9.7 

59.8 

30.9 

9.3 

1,842 


More striking and important than total yield are the comparative 
yields of U. S» No. 1 potatoes. Plats 1, 2, and 4, receiving water at 
regular intervals throughout the season, produced both a larger ton- 
nage of U. S. No. 1 potatoes and a much greater percentage of the 
total crop as U. S. No. 1 tubers. Plat 3 produced scarcely more than 
one-fourth of the crop in the U. S. No. 1 grade, and these were small. 

The differences in the number of tubers produced in duplicate rows 
and duplicate plats were small, so that differences between plats may 
be significant, although difficult to explain. Plat I produced the 
greatest number of tubers and Plat 2 the least. Other plats were in- 
termediate. Plats 3, 5 and 6, which were kept dry either part or all 
of the season produced the same number of tubers. 

Effect on tubers. Tubers produced on Plats 1, 2 and 4, which re- 
ceived water at 'regular intervals, were smooth, w^ell shaped, and of a 
desirable medium size. The per cent of No. 1 potatoes was uni- 
formly high. No. 2 and cull potatoes were made up of small and 
slightly misshapen tubers. Tubers from Plat 3 were placed into the 
No. 2 and cull groups largely because of small size. The tubers in 
Plats 5 and 6 were generally irregular in size and shape, and con- 
tained numerous second growth s|Decimens which reduced their 
grade. Any check in the functioning of the plants, such as water short- 
age in the soil, also checks tuber development. When more water is 
applied and the plant again functions normally the tuber is forced 
into new growth. This second growth, however, does not proceed 
as did the first, but takes place at the buds and results in rough, 
knotty, and misshapen specimens. The irrigation treatment in Plats 
5 and 6 resulted in a check in tuber growth early in the season fol- 
lowed by this type of second growth. 
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The Netted Gem potato is normally elongate eliptical. This shape, 
however, may vary considerably. The limit of the increase in size is 
approached in the diameter before it is approached in the length. The 
ratio of the diameter to length in small tubers therefore more nearly 
approaches unity than in larger tubers. As the size increases the 
ratio of diameter to length decreases. Table II shows the average 
weight, diameter, and length and the ratio of diameter to length of 
the No. 1, No. 2, and cull potatoes. 


TABLE II — ^Average Weights and Measurements op Tubers in 
Different Grades 


Grade 

Average 

Weight 

(Ounces) 

Average 

Diameter 

(Inches) 

Average 

Length 

(Inches) 

Ratio of 
Diameter 
to Length 

U. S. No. 1 

6.19 




U. S. No. 2 

3.34 




Cull 

2.49 





Differences were also evident between tubers of various plots 
within the same grade. Plats 1, 2, and 4 produced tubers of larger 
average size than Plats 3, 5, and 6. These tubers also had a smaller 
diameter to length ratio than on Plats 3, 5, and 6. 

Conclusion 

The data indicate that the grade and yield of potato tubers can be 
controlled to a large degree by the irrigation practice. Applications 
of water at regular intervals of from 7 to 10 days throughout the 
growing season which keep the soil mass utilized constantly above a 
point of moisture deficiency or the wilting point, will result in the 
production of smooth, high quality tubers. Any irrigation treatment 
which at some time in the growing season results in a severe check 
in growth due to inadequate soil moisture will upon resumption of 
growth bring about the formation of second grow^th, knotty tubers. 
Under irrigation it is a decided advantage to produce large vines 
which can be kept in a vigorous healthy condition throughout the 
growing season. In this region the size of vines is usually an accurate 
indication of yield, inasmuch as they are responsible for the produc- 
tion of all food stored in the tubers. Under conditions where pota- 
toes are grown without irrigation these results may not hold true. 







Some Responses of Potato Plants to Spacing and 
Thinning^ 

By L. L. Claypool/ and O. M. Morris, Washington State College, 

Pullman, Wash, 

'J'HE number of potato plants a soil will support and the tubers 
produced from them is a measure of soil fertility. Fertility is 
largely dependent upon the moisture supply and the availability of 
nutrient elements in the soil. It is likely that the best spacing dis- 
tances or the most desirable number of plants to the hill for one 
locality may not be the most satisfactory for other localities under 
different climatic and soil conditions. It is, however, of value to de- 
termine which are the better practices within a locality where soil 
and climatic conditions are relatively uniform. 

Procedure 

In the Yakima Valley at the Irrigation Branch Station of the 
State College of Washington, several years study has been completed 
to determine the influence of spacing, distance, and number of plants 
to the hill upon yield and quality of tubers of the Netted Gem 
variety. Four different treatments were used in both the thinning 
and spacing plots, with duplicates in most cases. The rows were 
planted 32 inches apart. The potatoes from all plats were dug after 
frost had killed the tops. Records were taken on the total yield, and 
the }^ield of U. S. No. 1, U. S. No. 2, and cull potatoes from each 
plat. 

In the spacing experiment the hills were planted 6, 12, 18 and 24 
inches apart in Plats 1 to 4, respectively. All other treatments were 
similar. Only one plant was allowed to grow in each hill. The hills 
in the plats where the number of plants to the hill were varied were 
spaced 12 inches apart. Plats 1 to 4 were thinned to one, two, three, 
and four plants per hill respectively. 

Results 

Spacing of plants. The size of plants is affected by the planting 
distance. Larger plants were produced on Plats 3 and 4 than on 
Plats 1 and 2, but not enough larger to -offset the greater number of 
plants in the 6-inch and 12-inch spacings. Table 1 shows the yield 
and grade of tubers from the plots for the seasons of 1927, 1929 
and 1930. 

^Published as Scientific Paper No. 210, College of Agriculture and Experi- 
ment Station, State College of Washington. 

^Acknowledgment is given to Harry Jensen, horticulturist at the Irrigation 
Experiment Station through 1929 for his part in these studies. 
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The greatest total yields and yields of U. S. No. 1 tubers were 
produced on Plat 1 each year. The total yields gradually decreased 
as the planting distances were increased but not in proportion to the 
change in planting distance. The diflFerences in the U. S. No. 1 yield 

TABLE I — Yield and Grade of Potatoes From Plots With Hills Spaced 
Different Distances Apart 


Plat 

Year 

Spac- 

ing 

Tons per Acre 

Percentage Grading 

U. S. No, 1 

XJ. S. No. 2 

Cnlls 

Total 

U.S. No.l 

U. S. No. 2 

Culls 

1 

1927 

6 

7,26 

2.03 

0.94 

10.24 

70.9 

19.S 

9.3 

2 

1927 

12 

6.60 

2.18 

1.38 

10.16 

65.0 

21.0 

13.5 

3 

1927 

18 

3.92 

4.28 

1.02 

9.29 

42.2 

46.1 

11.7 

4 

1927 

24 

3.12 

3.77 

1.52 

8.42 

37.1 

44.8 

18.1 

X 

1929 

6 

4.67 

3.01 

.79 

8.47 

55,1 

35.3 

9.6 

2 

1929 

12 

3.41 

4.20 

.47 

8.08 

42.2 

52.0 

5.8 

3 

1929 

18 

3.25 

2.53 

.55 

6.34 

51.3 

39.9 

8.8 

4 

1929 

24 

1.74 

4.12 

.63 

6.49 

26.8 

63.0 

9.7 

1 

1930 

6 

10.43 

1.47 

.47 

12.37 

84.3 

11.9 

3.8 

2 

1930 

12 

9.63 

1.67 

.82 

12.12 

79.5 

13.8 

6.7 

3 

1930 

18 

7.65 

1.45 

1.96 

11.06 

69.2 

; 13.1 

17.7 

4 

1930 

24 

5.43 

1.10 

2.98 , 

9.51 

57.1 

11.6 

31.3 


were even greater than in total yield and greatly favored the closer 
plantings. Because of their wide spacing and large size the plants in 
Plats 3 and 4 produced larger tubers than those in Plats 1 and 2. 
These larger tubers were rough and inclined to have hollow-heart, 
whereas the tubers from Plats 1 and 2 were of a medium size, smooth, 
and free from hollow-heart. 

In 1927 records were taken on the average number of tubers per 
hill, and the average weight of individual tubers from each plat. 
The data are shown in Table II. 


TABLE II — The Average Number of Tubers per Hill and the Average 
Weight of Individual Tubers from Spacing Plats for the 1927 Season 


Plat 

Number of Tubers 
per Hill 

Average Weight of 
Individual Tubers 
(Ounces) 

Total Yield 
per Acre (Tons) 

1 

2.31 

4.88 

10.24 

2 

3.49 

6.42 

10.16 

3 

4.17 

7.36 

9.29 

4 

4.68 

8.00 

8.42 


An appreciable consistent increase in the number of tubers pro- 
duced per hill was found as the plants were spaced farther apart. 
This increase, however, in Plats 2, 3, and 4 was only approximately 
one-half that necessary to offset the effect of the greater numlier 
of hills in the close planting of Plat 1. The tubers also increased 
in size as the planting distances became farther apart, but not suffi- 
cently to offset the greater ^deld from the increased number of tubers 
produced in Plat 1. Nevertheless since with wider spacing, ])oth the 
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average number per hill and the average size of the individual tubers 
are proportionately increased, the yield is nearly as large when the 
plants are spaced 24 inches apart as when they are spaced only 6 
inches apart. On fertile soil with adequate moisture, as previously 
stated, the tubers from the wide spacings are objectionable because 
of the roughness and the tendency to develop hollow-heart. On less 
fertile soils or without irrigation the spacings of Plats 3 and 4, how- 
ever, might produce the best yield of U. S. No. 1 tubers, whereas 
the spacings of Plats 1 and 2 would produce a large number of small 
unmarketable tubers. 


TABLE III — Yield and Grade of Potatoes from Plats where the Number 
OF Plants per Hill was Varied 


Plat 

Year 

No. 

Plants 

per 

Hill 

Tons per Acre 

Percentage Grading 

XT.S.No.l 

XJ. S.No.2 

Culls 

Total 

U.S.No.l 

U. S. No. 2 

CuUs 

1 

1929 

1 

2.85 

3.17 

.47 

6.48 

44.0 

48.9 

7.1 

2 

1929 

2 

3.96 

3.72 

.40 

8.08 

49.0 

46.0 

5.0 

3 

1929 

3 

4.75 

2.22 

.47 

7.44 

63.8 

29.8 

6.4 

4 

1929 

4 ^ 

— 

— 

— 

— 

— 

— 

— 

1 

1930 

1 

6.61 

1.06 

.49 

8.16 

81.0 

13.0 

6.0 

2 

1930 

2 

10,24 

1.43 

.45 

12.12 

84.5 

11.6 

3.8 

3 

1930 

3 

10.20 

2.12 

.69 

13.01 

78.4 

16.3 

5.3 

4 

1930 

4 

9.71 

2.77 

1.14 

13.62 

71,3 

20.3 

8.4 


Thinning of plants. Plats 1 and 2, with one and two plants to the 
hill, respectively, produce larger plants than those in Plats 3 and 4 with 
three and tour plants to the hill respectively. This is in accord with 
the response of the plants in the spacing experiment. Before the 
season had progressed far it was difficult to tell one plat from an- 
other as the amount of foliage was so nearly the same. Table III 
shows the yield and grade of tubers for the 1929 and 1930 seasons. 

The data obtained from Plat 4 in 1929 are not presented because 
the plants were injured early in the season by water. In 1930, how- 
ever, the total yield was in the same order as the number of plants 
per hill. The greatest yield of U. S. No. 1 potatoes was produced 
each year on the plats having tw’'o or three plants to the hill. Tubers 
in plats having one plant per hill were larger and rougher than tubers 
in other plats. Tubers in Plat 4 were smooth but small More tubers 
were produced per plant as the number of plants to the hill decreased. 
Even with their greater size and the larger number of tubers pro- 
duced per plant, however, the plats with the lesser number of plants 
to the hill were unable to completely offset the greater yield from the 
larger number of tubers produced to the hill of Plat 4. 

Nevertheless, the potato tends to produce nearly the same total 
yield on plats having from one to four plants to the hill In a fertile 
soil however, with the hills spaced 12 inches apart, two and three 
plants to the hill give the largest rield of U. S. No. 1 tubers. In a 
very fertile soil even four plants to the hill might prove desirable. 
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In contrast with this in a poor soil one plant to the hill would probably 
give the best yields of U. S. No. 1. tubers. 

Conclusion 

The data indicate that it is possible to regulate the size and quality 
of potato tubers, within limits, by the spacing of hills, by the num- 
ber of plants to the hill, or by a combination of both methods. It 
should be noted that the number of plants to the hill can be partially 
regulated by the number of eyes and the size of the seed piece,. 


Eflfect of Fertilizer Treatment on the Yield, Quality, and 
Keeping Qualities of Irish Potatoes 

By W. D. Kimbrough, Louisiana State University, Baton Rouge, La. 

Abstract 

The complete paper will appear as a bulletin from the Alabama Agricultural 
Experiment Station. 

J^LISS Triumph Irish potatoes were grown on new ground plots 
to which various fertilizer treatments were applied. The quality 
of the potatoes produced was studied by analyzing them for moisture, 
sugar, and starch content at digging time and at intervals during the 
storage season. Shrinkage and keeping of potatoes were studied at 
storage temperatures of 35 degrees, 40 degrees, and 50 degrees F. 
Except for yields, the fertilizer treatment had little, if any, effect 
on the factors studied. 



A Late Crop of Potatoes for Oklahoma 

By George \\’. Cochran^ Oklahoma A. S' M. College, 
Stilhi^oter, Okla. 

jyjUCH experimental work has been done on the breaking of the 
rest period of the potato. In many cases the work has been 
carried on under conditions unlike those prevailing where potatoes 
are to be grown as a late crop. 

Oklahoma comprises a part of the second-early potato-growing 
district and produces and harvests practically all her potatoes before 
June 15. In one year only 33 cars were reported as shipped from the 
state after July. Because of this earliness and because of the difficulty 
in keeping this early crop, many farm families are without potatoes 
during a great part of the }'ear, other than what they buy. 

There have been shipped into the state per year during the last few 
years 3000 carloads of potatoes while there w^ere shipped out of the 
state approximately 2500 carloads. The amount of seed shipped in 
for the 15,000 acres of commercial planting together with the 200.000 
farmers will not equal more than 500 cars. 

It was thought that if a late crop could be produced successfully 
farmers might grow enough to supply themselves during the wnnter. 
The storage problem in this case would be eliminated because pota- 
toes are easily kept in common storage from fall until spring. In 
this state a second crop is grown in the potato sections by simply 
planting back potatoes that are left in the field and by using those that 
are not salable due to being injured in harvesting. These amounts 
are augmented by the larger potatoes that are missed by the ipickers. 

This practice does not give a crop every year and the crop pro- 
duced in good years does not give a satisfactory yield. In one year the 
author found an instance where a grower produced 75 bushels on 
an acre where he used water in ditch irrigation. 

The yield seems to be correlated with the number of vines started 
from the seed pieces. Since most of the tubers from the first early 
crop start one eye, the number of vines has been our guide in studies 
on ])reaking the rest periods. Dr, F. E. Denny of the Boyce-Thomp- 
son Institute assisted in planning the original chemical treatments, 
but each year these have been modified somewhat. The yields have 
been considered and as appears in the accompanying table, the yield 
per acre is influenced by the stand as well as by the number of plants 
coming from each seed piece. 

All rows having cut seed had only half as much seed by weight. 
Those treated with NH 4 CnwS were first to come up, with both cut and 
whole seed. 

The potato plant to be able to produce a second crop must come 
through the ground in parts of the state about August 10. If the 
tops come up about the middle of July they are likely to be injured 
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by the extreme hot weather and may not produce any tubers. In a 
number of tests with seed that came up in July, no tubers formed or 
those that formed were very, very small though every tuber pro- 
duced an average of 4.6 plants and the vines averaged 16 inches in 
height. 

TABLE I — ^Yields of Potatoes as Affected by Various Treatments 


Row 

Treatment 

No. Hills 

No. Plants 
per Hill 

No. Hills 

Bu. per A, 

1 

Check 

lU 

1.4 

70 

58.3 

2 

NaCnS (whole) 

59 

1 

37 

16.6 

3 

NaCnS (cut) 

3 

1 

1.27 

1.2 

4 

NH4CnS (whole) 

77 

1.2 

49 

27 

5 

NH4(CnS) (cut) 

59 

1 

37 

21.1 

6 

Ethylchlorohydron (cut) . . 

40 

1 

25 

16 

7 

Ethylchlorohydron (whole) 

78 

1.3 

24 


8 

Thiourea (cut) 

12 

1 

7.6 


9 

Thiourea (whole) 

13 

1 

8 



Ethylene chlorhydrin, both as vapor and as solution was used, 
in amounts ranging from 4 per cent to 1 per cent and in treatments 
from 4 hours to 1 hour with the liquid, and 24 hours with the vapor. 
In the beginning both cut tubers and whole tubers were treated but 
after the first year all the tubers were treated whole and cut after- 
wards. The tubers were always allowed to remain in the air as much 
as 12 hours before they were planted. 

Sodium potassium and ammonium sulphocyanate were used in vari- 
ous amounts and for various times. Thiourea also was used. Other 
treatments were tried as greening the potaoes in indirect sunlight, 
bruising them by various methods, holding them at low temperatures, 
and keeping them in a heated building. In every case the potatoes 
were planted in the morning in order to place the potato in cool, 
moist soil. 

Potatoes that were grown by the station as a second crop were used 
for seed for a late crop the next year, that is those that were harvested 
in 1930 were held until in July, 1931, and then planted. Northern-grown 
seed held in cold storage from the time it was received in Oklahoma in 
the spring until about ten days before planting was used and some 
were planted right out of the storage. Then some potatoes were used 
that were grown in 1931 in southern Texas. This last allowed a con- 
siderable rest period between the time of harvest and the time of 
planting. The results after 3 years’ testing have been more or less 
consistent. Of the chemical treatments, ammonium sulphocyanate 
gave the best results both in the greenhouse and in the field. None 
of the other chemical treatments are at all promising. In fact, the 
untreated lots each year produced more than any of those having 
chemical treatments. Though the ammonium sulphocyanate breaks 
the rest period and causes the potatoes to come up more quickly, the 
reduction it entails in the number of plants reduces the yield. 
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However, that treatment, the writer believes, has some merit in 
it. The whole potatoes, either northern-grown seed held until plant- 
ing time or second crop held until the following August, have given 
consistently better results. This year’s test with the Texas early crop 
has been promising. In our main crop, northern-grown seed matures 
ten days to two weeks earlier than our home-grown seed. \Mth the 
late crop we must plant it at least ten days later than our home- 
grown seed. 

In two tests out of three, bruising the tubers caused growth to start 
quicker than in the check but even in this case it was an uneven 
stand. Some tubers seemed to be injured too much and decay set in. 
Others, perhaps, were not sufficiently bruised, and were slow about 
coining up. There seems to be no question but that some mechanical 
injury shortens the rest period but it should occur about the time of 
harvesting. At that time, less bruising is necessary and there seems 
to be less decay after planting. 

A small concrete mixer was used as a means of bruising the tubers. 
Pieces of bricks were put in the mixer with the potatoes and the 
machine was operated by hand for 3-, 5-, and 8-minute periods. The 
first treatment seemed to be sufficient and both the 5- and 8-minute 
periods produced too much bruising. The potatoes were then placed 
on a cement floor in the shade and allowed to callous. All those 
showing signs of decay were discarded before planting. This treat- 
ment gave the best results as was shown by yield and number of 
plants to the hill. 

One grower used for a second crop the potatoes that went through 
the grader and planted them about twice as thickly as ordinary seed 
would be planted. In all of our tests we planted one potato or a piece 
of potato every 16 inches. This grower found that he had secured 
a better stand than he had ever had before. 

In a field study before the tests were made, permission was secured 
from a grower to go through a field of second-crop potatoes just as 
an occasional one was coming through the ground. Of a considerable 
number of these plants that were dug up, a majoi-ity were found to 
have been injured in some manner during the harvesting of the crop 
or they showed potato scab. About 10 per cent of them did not show 
any injury, but these could have been injured and not show it. 

It is a common opinion that diseased potatoes planted for a second 
crop give a better stand than those from clean seed or at least they 
come up quicker. The author has no check on this opinion to sub- 
stantiate or disprove it. If it be true, it is probably because the virused 
or diseased plants mature earlier than those free from disease and 
thus the rest period is "ended earlier. 

In one test, two barrels of potatoes were shipped to New York 
and treated with chemicals by Dr. Denny. They responded readily. 
Potatoes from the same field similarly treated and planted in Okla- 
homa did not respond. The writer is of the opinion that the difference 
in the temperature was the cause of the different results. It is found 
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tliat the soil must be moist when jxitatoes are planted during hot 
weather or they will decay or if the moisture is sufficient to bring 
them up but not to allow them to grow they will die off before ma- 
turing the crop. 

It is believed that as a progress report it can be said that no chemi- 
cal treatment of those tried is sufficiently successful under our condi- 
tions to l)e recommended for general use. The mechanical injury 
method is hardly adaptable unless it be further revised. 

Either good northern-gi-own seed planted whole or good Oklahoma 
seed held from the second crop until the following late summer is 
promising, and the expense of securing this seed is not prohibitive. 



The Relation of Solar and Sky Radiation, Temperature, 
and Humidity to the Sun-scald of Potatoes in 193H 

By Walter M. Peacock, R. C. Wright, and T. M. A\niTEMAN, 

C7. vS. Department of Agriculture, Washington, D. C. 

'P HE term, sun-scald of potatoes, as used in this publication applies 
to that type of injury in which the living tissue has been killed. 
This type of injury cannot be detected in the field when the potatoes 
are picked up within a few hours after digging. When first notice- 
able it appears as soft whitish gray tissue varying from to H of an 
inch in depth and covering only part of the surface of the potato. 
The color of the skin over this injured area has a slightly watery ap- 
pearance with a narrow and darker area around the margin of the 
injury. After the sun-scald injury has developed the whole potato 
soon breaks down and becomes soft. 

In spite of the present knowledge concerning the sun-scald of 
potatoes, this injury does occur on quite a large scale each year. 
Sometimes when growers think there is no danger of sun-scald they 
discover for themselves, or learn from the dealer that a rather high 
percentage of the potatoes harvested a few days previous have broken 
down as a result of sun-scald. 

In 1928, according to the Federal State inspection records, 16.1 
per cent of the inspected cars of potatoes that failed to grade U. S. 
No. 1 showed sun-scald defect in lots from the Norfolk, Va., district 
and 8,42 per cent in lots from the Eastern Shore, Va„ district (1). 
On the basis of the total number of cars shipped, and figuring 200 
barrels per car, it is estimated that there were 16,132 barrels of pota- 
toes which showed sun-scald defect in lots from the Norfolk, Va., 
district, and 57,795 barrels in the Eastern Shore, \"a., district that 
year. 

Sun-scald is likely to occur in all the early and intermediate potato 
sections when the potatoes are left on the ground too long after 
digging, or in the tubers on top of unprotected barrels and baskets 
left in the sunshine too long during periods when sun-scald conditions 
prevail. ^ 

Immature potatoes sun-scald more readily than mature tubers. 
This ma}’ be arbitrarily explained by the development of the cork 
cells which may serve as some insulation against heat in the mature 
tubers and the greater amount of skinning in immature tubers. 
Skinned tubers may quickly develop sun-scald on the areas where the 
skin has been removed or become black because of the failure of the 
periderm to grow (3). 

^The authors wish to express their appreciation to H. H. Kimble, W, J. 
Humphreys, and I. F. Hand of the U. S. Weather Bureau, for the solar and 
sky radiation records and helpful suggestions, and to L. B. Aldridge of . the 
Astrophysical Division of the Smithsonian Institute for his helpful suggestions. 
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A letter dated July 21, 1931, and received by the U. S. Department 
of Agriculture expresses the need for and the aim of the sun-scald 
investigation. The letter reads in part as follows: — 'T would like 
to obtain information relative to the conditions under which sun- 
scalding of potatoes occurs in the field after digging. Sun-scalding 
of potatoes has become a serious problem in this county. We would 
like to work out a telephone relay system whereby we can advise 
potato growers when to stop digging because of the danger of sun- 
scald.” 

When the authors have definitely determined the exact conditions 
under which sun-scalding of potatoes occurs the object of the investi- 
gation will be fulfilled. They have learned that there are several com- 
plicated factors that may enter into the sun-scalding of potatoes. If 
the air temperature could be used as a gauge to indicate when pota- 
toes would sun-scald the problem would be an easy one to solve. But 
since there are several factors that make up what is termed weather, 
the problem is not an easy one to solve. 

Method of Procedure 

The Irish Cobbler variety was planted April 1, 1931, on the Arling- 
ton Experimental Farm, Va. The vines were dead when harvesting 
started on the 29th of July. The period of harvesting extended from 
this date to September 2, and potatoes were dug every day except 
week ends and when the ground was too wet. They were dug on sched- 
uled time at 8 :30 a. m., 1 1 :30 a. m., and 2 :30 p. m. Bushel lots of 
potatoes were picked up periodically during the day harvested and 
the following day and taken immediately to the storage located only 
a short distance from the field. There were 173 bushel lots used in 
this experiment during 1931 besides many smaller lots. 

The potatoes were stored at a controlled temperature of 90 degrees 
F. and medium humidity. In selecting this temperature and humidity, 
the authors aimed to duplicate as near as possible the average condi- 
tion under which potatoes are held when in transit for the first few 
days after harvest during the summer months. The tubers were 
examined for sun-scald injury on the third day after harvest. 

There are apparently several factors that enter into the sun-scald 
^ injury of potatoes. Some of these are solar and sky radiation, which 
are influenced by humidity of the air, dust particles in the air, and 
clouds ; air temperature ; tuber temperature ; the velocity of the wind ; 
the amount of moisture in the soil : and the maturity of the tubers. 
These factors are so interrelated that it is rather difficult to point out 
the amount of sun-scald injury caused by any one factor. 

Solar and Sky Radiation,® Temperature, and 'Humidity 

Perhaps the chief controlling atmospheric factor causing the sun- 
scald of potatoes is the amount of solor and sky radiation striking 

^Some factors affecting solar and sky radiation are explained in the paper 
entitled, — “The healing of potatoes skinned during harvest as affected by solar 



PEACOCK^ WRIGHT, AND WHITEMAN ! SUN-SCALD OF POTATOES 263 


the horizontal surface of the earth. This depends upon the relative 
position of the sun to the earth and the amount of dust and moisture 
particles in the air. The ratio of the direct solar radiation to the sky 
radiation as measured on a horizontal!}’- exposed surface is larger for 
the former but varies with the solar zenith distance (2). 

The solar and sky radiation affect the temperature of the air and 
absorbing bodies like potatoes. But other conditions may change 
these temperatures. A striking example of this phenomenon was 
found by Byrd's Antarctic expedition party on the mountains of Little 
America. When the cold air from the snow and ice w^as cut off the 
temperature of an absorbing body in bright sunshine became very 
high due to radiation from the sun. 


TABLE I — Comparative Results in the Sun-scalding of Potatoes When 
THE Air Temperatures op Two Different Days are Practically 

Identical 


Date and Time Dug 

Time 

Gathered 

Air Temperature (Degrees P) 

Per 

cent 

Injury 

Weather 


11:30 

12:30 

2:30 


11:30 a.m. 

76 

6 

— 

— 

0 

Cloudy 

Aug. 14, 11:30 a.m. 

2:30 a.m. 

— 

84 

84 

80 


Cloudy 



76 

80 

— 

— 

3.2 

Nearly clear 



— 

80 

81 

82 

20.6 

Nearly clear 


When potatoes are exposed for 2 or 3 hours to high solar and sky 
radiation a rather high percentage of sun-scald may result, although, 
there appear to be a few unexplainable exceptions to this rule at 
present waiting. Solar and sky radiation are intense on clear days 
during the summer and betw^een 9 :00 a. m. and 3 p. m. This may be 
called the sun-scald period. The highest record for 1 hour made 
diu'ing the period of the 1931 investigation was 81.0 gr.-cal. per cm" 
of horizontal surface betw-een 12 :00 and 1 :00 p. m. on August 24. 

As pointed out above if air temperature could be used as an indi- 
cator as to when sun-scald conditions existed the growers could 
easily tell when not to allow potatoes to remain exposed to the sun. 
The air temperature near the earth's surface is not only affected by 
the solar and sky radiation but by the amount of moisture in the soil 
and in the air and by air movements. 

There is considerable variation in the amount of sun-scald injury 
that is likely to take place at any one temperature above the danger 
point. According to this year's results it seems to be rather dangerous 
to expose potatoes to the sun during the middle of the day at an air 
temperature of 80 degrees F. or above on practically clear days. 

Table I indicates that air temperature alone cannot be used as a 
guide. The average temperature for the periods taken on August 14 
was greater than for similar ones August 31. There was no sun-scald 
injury on August 14 but on the 31st the injury resulting from a 

and sky radiation, temperature, and htimidity,” published elsewhere in these 
Proceedings, 
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1 1 :30 a. m. to 2 :30 p. m. exposure was 20.6 per cent. Also the re- 
sults of these days emphasizes the influence of solar and sky radiation. 
The solar and sky radiation was low during the cloudy day of August 
14 averaging only 36,0 gr.-cal. per cnr of horizontal surface for the 

TABLE II — Percentage of Sun-scald Injury to Potatoes Harvested 
AT 8:30 a.m. and Picked up at Different Periods 


Time Picked Up 


Date Dug 

9:30 a.m. 

11 :30 a.m. 

3:30 p.m. 

S:30 a.m. 
Next Day 

Ttdy 29 



12.6 

47.9 

6.5 

July 30 

6.2 

34.6 

28.4 

14.5 

July 31 

10.8 

10.8 

19.8 

8.5 

Aug. 4 

4.8 

17.5 

16.5 

14.4 

Aug. 5 

2.6 

14.8 

1S.5 

4.6 

Aug. 6 

2.8 

18.5 

35.0 

5.7 

Aug. 7 

4.9 

18.5. 

26.8 

12.1 


6-hour period between 9:00 a, m. and 3:00 p. ni. (apparent time;, 
while on the clear day of August 31, with an occasional cloud passing 
over the sun, there was an average of 60.0 gr.-cal. per cm' of hori- 
zontal surface for the same period. 

The humidity of the atmosphere near the earth’s surface usually 
runs low during the middle of clear days and higher both in the 
morning and towards evening. It is only reasonable to expect that 
the low humidity during the mid-day may aid in the development of the 

TABLE III — Comparative Results in the Sun-scalding of Potatoes Dug at 
Different Times and Gathered at the Same Period 


Dug at 2:30 p.m. and gathered at 11:.30 a.m 
the Next Daj-^ 

Dug at S:30 a.m. and gathered at 11:30 p.m, 
the Same Day 


Tuber Temperature 



Tuber Temperature 



the Day Gathered 



the Day Gathered 


Date 

(Degrees F) 

Per cent 

Date 

(Degrees P) 

Per cent 




Injury 











Injury 


S:30 a.m. 

11 :30 a.m. 



8:30 a.m. 

11:30 a.m. 


Aug. 4 

90 

108 

5.3 

Aug. 5 

82 

107 

14.8 

Aug. 6 . . 

92 

114 

7.2 

Aug. 7 

81 

114 

18.5 

Aug. 17. 

82 

98 

6,1 

Aug. 18 

78 

98 

12.9 

Aug. 31. 

82 

106 

5.6 

Sept. 1 

71 

101 

10.0 

Sept.l,. 

86 

106 

5.3 

Sept. 2 

74 

100 

4.8 

Average 

86.4 1 

106.4 

6.3 


77.2 

104.0 

12.2 


breakdown of the outer cells of the tubers where the greatest ex- 
posure takes place. It has been found that a moist atmosphere aids 
in the healing of skinned tubers (3) and may help in building the 
cork cells of the skin. 

Retarding the Development of Sun-Scald 

The investigation of 1931 substantiates previous results of this 
experiment in that less sun-scald will occur when the tubers are left 
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cmt over night rather than picking them up at mid-day after they 
liad been exposed to the sun for a few hours, as shown in Table 11. 
Less injury might have occurred if the tubers had been picked up 
earlier than 8 :30 a. ni. This retardation is probably due to the cooling 
off of the tubers which seems to check the injur}' and the toughen- 
ing up of the outer tissues of the potatoes. 

Table III shows that the average percentage of sun-scald injury in 
the potatoes dug at 2 :30 p. m. and picked up at 11 :30 a. m. the next 
day was 6.3 per cent and those dug at 8 :30 a. m. and gathered, at 
11:30 a. m. the same day was 12.6 per cent. It also indicates that 
the tuber temperature of those dug the day before gathering was 
higher at 8 :30 a. m. and 1 1 :30 a. in. the day picked up than tliose dug 
and gathered the same day. 

Storage temperature has been found to be a controlling factor in 
the subsequent sun-scald injury of potatoes (4). Storage temperatures 
of 40 and 60 degrees F. practically stopped the development of the 
injury in comparison with potatoes from the same lots stored at 90 
and 95 degrees F. in 1931. 

Literature Cited 

1. Axonymous. Mimeograph Report. Losses caused by defects in early 

Virginia potatoes. Huge losses sustained by \qrginia potato growers in 
1928. Division of Markets, State Department of Agriculture, Richmond, 
Va. 

2. Kutball, H. H. Records of total solar radiation intensity and their relation 

to daylight intensity. Monthly Weather Review, 52:473, Oct 1924, 

3. Peacock, Walter M. The healing of potatoes skinned during harvest as 

affected by solar and sky radiation, temperature, and humidity. Proc. 
Amer. Soc. Hort. Sci. -1931. 

4. ^ Wright, R. C., and Whitemax, T. M, Sun-scald of potatoes 

as influenced by solar and sk\' radiation and storage temperatures. Proc. 
Potato Assoc. Amer. 102. 19'30. 



The Healing of Potatoes Skinned During Harvest as 
Affected by Temperature, Humidity and Solar and 
Sky Radiation 

By Walter M. Peacock, U. S. Department of Agriculture, 
Washington, D. C. 

^HE writer has frequently observed during the summer months in 
the wholesale markets in Washington, D. C., potatoes that have 
turned dark brown or black where the skin has been accidentally re- 
moved in handling. These dark-colored skinned areas are sometimes 
moist and feel slippery to the touch, and at other times they are dry. 
Tubers in the latter condition are likely to keep better. Since this 
type of injury has been found to take place within a few days after 
harvest, and potatoes from the early and intermediate producing sec- 
tions are sent to many markets, this injury may be found as fre- 
quently in other markets as in Washington, D. C. 

This discoloration of the skinned areas appreciably injures the ap- 
pearance of the potatoes. It is quite evident that a considerable loss 
in weight takes place through the skinned areas when not properly 
healed over as shown by the visible shriveling resulting from loss of 
water. Lutman (4) found that wounding increased the respiration 
of potatoes. It was found in this investigation that the loss of 
weight by potatoes with dark areas was much greater than by those 
in which the injured areas healed quickly. 

Under proper healing conditions a skin periderm forms over the 
skinned areas which has more or less the appearance of the original 
skin. Pieces of the original rubbed-off skin may remain attached to 
the tuber and giA’-e it a “feathered’' ap]>earance. \Mien these skinned 
areas are properly healed and these “feathered” particles of skin 
are remoA^ed, the skinned areas are scarcely perceptible at a short 
distance from them. Furthermore, when a skin periderm develops 
quickly very little shrinkage in weight of the tubers takes place. 

Material and Procedure 

The potatoes used in this experiment were mature Irish Cobblers 
from the early crop planted the middle of April, on Arlington Ex- 
periment Farm, Va. The vixies died during the first week in August. 
The potatoes were harvested for this experiment during the period of 
September 2 to 11, inclusive. The skin had set so that skinning did 
not occur as a result of the ordinary harvesting operations. 

Small areas on two opposite sides of the tubers were skinned by 
hand. Care was taken in the skinning operation not to injure the 
fissue below the epidermis. They were laid out on freshly stirred soil 
with one skinned area exposed to the sun and the other next to the 
ground. The time of exposure in the field varied from to 20^2 
hours. 
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At the end of the periods of exposure in the field, the potatoes were 
placed within a few minutes in 32, 40, 50, 60, 70, 80, and 90 degrees 
F, storage rooms in which the saturation deficit was the same for all 
the rooms, and with relatively high humidities. Several times while the 
potatoes were in storage examinations were made for injury in the 
form of killed tissues. 

The solar and sky radiation measured in gram-calories per square 
centimeter of horizontal surface, the air temperature about 18 inches 
from the ground, and the humidity at the same height were recorded. 

The darkening of the skinned areas under the mid-day climatic 
conditions of early September on fair days became slightly percep- 
tible within 2 hours after being exposed for a period of 1 or more 
hours. This type of injury increased until the skinned areas became 
brown or black, within 24 hours, according to the length and time of 
exposure, regardless of whether they were left in the field or stored 
in rooms with the temperature ranging from 32 to 90 degrees F. 

One-half hour exposure to the dimatic conditions of a clear sky 
early in September and at midday did not apparently affect the nor- 
mal healing of the skinned areas, and a light-colored surface was 
produced. An exposure of 1 hour under similar conditions caused 
a light-brown color to develop over the skinned areas. An hour and 
a half exposure produced either dark-brown or black areas. An 
exposure of 2 hours or longer under midday clear sky produced black 
areas where the skin had been removed. In these blackened areas 
skin periderm failed to develop. 

Early-morning and late-afternoon exposures did not alffect the 
normal healing. Tubers skinned and exposed at 4 p. m. and left out 
until noon the next day showed very little evidence of injury ; while 
those treated the same way at 10:30 a. m. and picked up at noon were 
injured. 

Solar and Sky Radiation, Temperature, and Humidity 

Radiation may be defined as the transmission of heat or light 
energy from one body to another, through a vacuum or through an 
intervening medium without affecting the temperature of this me- 
dium. Many solids and liquids allow radiant heat to pass through 
without being themselves warmed to any great extent ; e.g., rock salt 
and bisulphide of carbon. Other bodies, such as metal, slate, wood, 
potatoes, etc., do not permit its passage ; they absorb the energy and 
therefore become heated. 

The quality and amount of radiation reaching the earth’s surface 
depends upon the freedom of the air from moisture and dust parti- 
cles. Both moisture and dust in the air check the transmission of 
solar energy to the earth. They scatter and absorb the short waves of 
the ultra-violet end of the spectrum more than they do the long wave 
lengths of the red end, thereby affecting both the amount and quality 
of solar energy that may come in cx>ntact with potatoes at har\"estmg 
time. 
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Since radiant energy as it reaches the earth’s surface is made up 
of both solar and sky radiation and may enter into the injury of the 
potatoes, it is well to have an understanding of certain factors af- 
fecting radiation reaching the earth. The former is the direct radiant 
energy transmitted from the sun and the latter is the solar radiation 
which has been reflected by clouds, moisture, and dust particles in 
the sky. As measured on a horizontally exposed surface, direct solar 
radiation is usually greater than sky radiation but varies with the 
solar zenith distance according to Kimball (3). The solar I'adiation is 
greater than the sky radiation except for the early-morning and late- 
afternoon periods and when the sky is overcast. 

Radiant heat travels with the same rate of speed as light, accord- 
ing to Duff (2). A good illustration of this fact is found when there 
is a total eclipse of the sun, when both light and radiant heat are cut 
off simultaneously. Radiant heat can be reflected and refracted the 
same as light. Without taking these facts into consideration it is diffi- 
cult to understand the variability in the amount of injury to potatoes 
from this cause. For example, when the sun is shining brightly and 
heavy clouds in the opposite direction are reflecting part of the radia- 
tion falling upon them, the temperature goes up, and part of the re- 
flected light from the clouds strikes the earth. Another fact to l)ear 
in mind is that the light waves which affect the eye consist simpl\' of 
those radiations whose length lies between 0.0004 and 0.000076 mm. 
These waves lie near the end of the entire known range of radiation 
wave lengths, which is from 0.0001 to 0.3480 mm. and is called the 
radiation spectrum. 

The radiant energy per unit in a stream of radiation is known as 
the “energy density of radiation,” and the solar constant is about 1.3 
X 10® ergs per cm® per second. Richtmeyer ( 5) relates that the energy 
density of the sun’s radiation in the neighborhood of the earth is 4.3 
X 10^ ergs per cubic centimeter. 

Due to the interrelationshi]) of solar and sky radiation, air tein]x*ra- 
ture, and humidity of the air, it is difficult to figure out the amount 
of injury caused by any one of these three factors. The author is 
quite convinced that each pla}'S an important ]'>art. 

Skinned potatoes that were exposed to the atmospheric conditirms 
during a period when the solar and sky radiation measured in gram- 
calories per cm® of horizontal surface was low, were not injured, even 
though the air temperature remained high, but were injured during 
the middle of the day when solar and sk}^ radiation were high. 

Air temperature does not change as ra])iclly as the tetni^erature of 
the potatoes. The rapid change in the tempei*atur(l‘ of the tubers is 
caused by the quick change in the transmission of radiant heat. For 
example, a medium-size cloud passing over the sun will rapidly change 
the temperature of the tubers, while the change in the air teniperatiire 
may be scarcely perceptible. However, there is a correlation be- 
tween solar and sky radiation as measured in gram calories ]ier enr 
of horizontal surface and the air temperature. The air warms u]) as 
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the radiant heat is absorbed by the earth. Consequently, injury to 
the skinned exposed surfaces usually takes place when the air tem- 
perature is high during the middle of the day. 

At the time when the solar and sky radiation is the highest, the 
humidit}' of the air near the earth s surface is usually low. Dr}^ air 
absorbs moisture from the recently skinned areas of the tubers and 
checks the development of the skin periderm. Any factor which may 
aid in the checking of the development of the periderm ma}' make the 
skinned surfaces of the tuber turn dark. 

The skinned side of the tuber next the ground developed a normal- 
appearing periderm regardless of the time of day the tuber was ex- 
posed in the field. Since the potatoes were spread out on freshly 
stirred soil, the humidity surrounding the skinned areas touching the 
ground was higher than that of the opposite skinned surface due to 
the checking of the evaporation of moisture from the tu])ers. Like- 
wise, the temperature of that side of the tuber was lower, and it re- 
ceived no solar and sky radiation. 

Effect of Storage Temperature 

The potatoes, after l)eing exposed in the field, were stored at 32, 
36, 40, 50, 60, 70, 80, and ^ degrees F. Those on which the skinned 
areas were injured by exposure in the field turned dark in st<»rage 
regardless of the storage temperature, although storage temperatures 
of 50 and 60 degrees F. did seem to check to some extent the darken- 
ing of the skinned areas of the tubers that were on the injury margin. 
Those not injured in the field remained light colored at all the tem- 
peratures for the short time in storage. It has been demonstrated by 
Artschwager (T ) that a periderm does not develop on cut surfaces 
of potatoes at 32, 36 and 40 degrees F. 

Conclusion 

To prevent discoloration of skinned areas on potatoes on clear 
days during the summer harvest, they should be dug preferably early 
in the forenoon or late in the afternoon. If dug during midclay the 
potatoes should be picked u]) almost immediately and protected from 
the sunshine. 
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Proximal Dominance in the Sweet Potato 

By Ross C. Thompson and J. H. Beattie, U. S. Department 
of Agriculture, Washington, D. C. 

'J'HE phenomenon of dominance or the advantage in growth one 
portion of an organism has over another has been extensively 
studied by physiologists. The existence of regional dominance in the 
sweet potato (I pom oca batatas Lam.) was indicated to the authors by 
observations that roots bedded for slip production developed most of 
their sprouts on the proximal end. This suggested the investigation 
outlined in this paper. 

The structure of the edible portion of the plant (commonly re- 
ferred to as sweet potatoes) has been studied by a number of work- 
ers, especially Schmitz (1), McCormick (2), Hasselbring (3), and 
Artschwager (4). The work of Artschwager shows quite conclusive- 
ly that the edible portion of the sweet potato is a thickened root. His 
careful anatomical studies of the sweet potato root show no struc- 
tural differences -which might account for dominance of one part over 
another. However, it would be expected that the sweet potato root 
would exhibit polarity as do other roots and stems. None of the work- 
ers mentioned have given attention to the matter of proximal domi- 
nance in the root of this plant and as far as we have been able to as- 
certain, it has escaped the attention of investigators. Appleman (S) 
clearly demonstrates the dominance of the apical bud of the potato 
tuber (Solanuin tuberosum) over the other buds on the same tuber 
and shows that this dominance can be broken by various means. The 
purpose of the investigation reported in this paper was to study the 
extent or degree of dominance in the sweet potato root and to deter- 
mine if dominance could be broken. 

Materials and Methods 

The work was conducted at the Arlington Experimental Farm, 
Rosslyn, Virginia. The Porto Rico was selected for this work be- 
cause it is one of the most generally planted varieties throughout the 
large sweet potato producing sections of the South. A uniform stock 
of roots not less than 2 inches in diameter and 4 inches long were 
selected in the field at Florence, South Carolina, on October 13, 1930. 
The roots were packed in one-bushel ventilated baskets and shipped 
at once to the Arlington Experimental Farm, Rosslyn, Virginia. On 
arrival they were immediately placed in a storage house and cured for 
10 days at a temperature of 29 degrees C. after which the tempera- 
ture was reduced to about 15 degrees C. where it was maintained as 
nearly as possible during the storage period. Owing to the nature of 
the heating equipment the temperature in the storage house fluctuated 
more than was desirable but all material used was subjected to the 
same storage conditions. 
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During the period from January 18 to 21, 1931. uniform speci- 
mens from the stored stock were selected and prepared for bedding. 
Six lots of material were treated as follows: (1) Whole roots were 
bedded as is done in commercial plant growing, (2) roots were cut 
into two approximately equal pieces and bedded with a space of about 
2 inches between the halves, (3) roots were cut into three approxi- 
mately equal pieces and separated in bedding, (4) roots were cut into 
four approximately equal pieces and separated in bedding, (5) roots 
were bedded after removing about 3 centimeters of the tip of the 
proximal end, and (6) roots were bedded after removing a ring of 
tissue about 2 centimeters wide and 2 centimeters in depth from the 
middle of the root. 

After preparation, all lots were bedded in clean, washed, river 
sand placed in raised beds in a greenhouse. All lots were covered to 
a uniform depth with sand. The beds were watered and otherwise 
treated alike. The temperature was kept at 21 to 24 degrees C. On 
March 12, 1931, all specimens were examined and counts made of 
the sprouts. 

Results 

The results of the various treatments are shown in the following 
tables. The eleven roots bedded whole produced 62 slips all of which 
developed on the proximal end. 


TABLE I — Porto Rico Variety Sweet Potato Roots Bedded in Sand 

Without Cutting 


Number of 
Specimen 

Sprouts on 
Proximal End 

Sprouts on 
Middle Portion 

Sprouts on 

Apical End 

1 

4 

0 

0 

2 

3 

0 

0 

3 I 

S 

0 

0 

4 i 

7 

0 

0 

5 

7 

0 

0 

6 

7 

0 

0 

7 

9 

0 

0 

8 ! 

2 

0 

0 

^ ; 

13 

0 

0 

10 

1 1 

0 

0 

11 1 

• 1 1 

0 

0 

Total.... 

62 

0 

0 


In making the counts recorded on this lot, the roots were arbi- 
trarily considered as consisting of three approximate!}* equal isones, 
proximal, medial, and distal. Whole roots do not always show such 
marked dominance as was exhibited by the 11 specimens in this lot. 
Quite often one or two or even more sprouts will appear on the 
apical end. Now and then a root was found whichjacked dominance 
altogether as sprouts were produced in about equal numbers through- 
out the entire length of the root. Further study of this type of root 
is being made at this time along with some other phases of the 
problem. 
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Sprout production on roots cut in two, three, and four ])ieces show 
that the cutting of the root resulted in sprout production throughout 
the entire length of the root and in coniparal^le numbers on the 
various sections. 


TABLE II — Porto Rico Variety Sweet Potato Cut in the Middle and 
Bedded in Sand with the Halves Separated about 2 Inches 


Number of 

Specimen 

Sprouts 

on Proximal End 

Sprouts 
on Apical End 

1 

5 

8 

2 

5 

3 

3 

7 

4 

4 

5 

6 

5 

3 

4 

(> 

3 

7 

7 

i) 

1 

8 

2 1 

1 

9 

4 

3 

10 

4 

4 

11 

3 

3 

12 

3 

3 

13 

3 

8 

14 

4 

3 

Total 

56 

58 


TABLE III — Porto Rico Variety Sweet Potato Cut in Three Pieces and 
Bedded in Sand With the Pieces Separated about 2 Inches 


Number 
of Specimen 

Sprouts 

on Proximal End 

Sprouts 

on Middle Portion 

Sprouts 
on Apical End 

1 

5 

1 

2 

2 

4 

2 

3 

3' 

3 

3 

4 

4 

2 

6 

5 

5 

5 

4 

6 

6 

2 

2 

3 

7, 

2 

1 

2 

8 

5 

3 

6 

Total 

28 

22 

31 


TABLE IV — Porto Rico Variety Sweet Potato Cut in Four Pieces and 
Bedded with Pieces Separated about 2 Inches 


Number 
of Specimen 

Sprouts on 
Proximal Eaid 

. , ... 

Sprouts on 
Second Section 

Sprouts on 
Third Section 

Sprouts on 
Apical End 

1 

3 

2 

4 

2 

2 

2 

2 

3 

4 

3 

4 

1 

2 

1 

4 

2 

1 

1 

3 

5 

2 

0 

1 

2 

6 

2 

1 

1 

1 

7 

*4 

3 

2 

2 

S 

3 

4 

5 

6 

9 

4 

0 

0 

1 

Total 

26 

14 

19 

22 
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It will be noted that in the three- and four-piece lots there was 
a tendency for the two end pieces to produce slightl}’ more sprouts 
than the middle sections even though the pieces were approximately 
c)f equal size. This can likely be accounted for by the fact that there 


TABLE V — Porto Rico Variety Sweet Potato Bedded in Sand After 
Removing about 3 Centimeters of the Proximal Tip of 
Each Specimen 


Number of 
of Specimen 

Sprouts 

on Proximal End 

Sprouts 
on Apical End 

1 

4 

12 

2 

S 

10 

3 

9 

S 

4 

7 

4 

5 

13 

1 

6 

14 

10 

7 

6 

7 

8 

11 

7 

9 

9 

9 

10 

15 

10 

11 

5 

4 

12 

2 

1 

13 

7 

9 

14 

0 

12 

15 

5 

5 

Total 

115 

109 


was greater skin surface on the end pieces and the production of 
sprouts is limited to the normal skin surface, /.c., sprouts never de- 
velop on the cut surfaces. 


TABLE VI — Porto Rico Sweet Potato Ringed at the Middle to a Depth 
OF about 10 Millimeters and Bedded in Sand 


Number 
of Specimen 

Sprouts 

on Proximal End 

Sprouts 
on Apical End 

1 

3 

0 

2 

6 

3 

3 

4 

0 

4 

6 1 

0 

5 

4 

1 

6 

7 

0 

7 

7 

0 

8 

4 

2 

Total 

41 

6 


The 15 roots from which a small piece was removed from the 
]>roximal end produced 115 sprouts on the proximal end and 109 
sprouts on the apical end, showing that the removal of a small amount 
of tissue from the proximal end of the root was sufficient to break 
the dominance. The production of sprouts on specimens which had 
])een ringed shows that dominance was not broken. 

While a few sprouts were produced on the apical end of some of 
the roots in this lot there were no more than might be exacted if the 
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roots had not been girdled. As has already been stated some roots do 
not exhibit complete dominance. Since the sprouts develop from 
tissue near the surface, it was thought that a severing of this tissue 
by ringing might interrupt the movement of some principle between 
the two ends and thereby influence sprout production. The results 
from this lot \vould indicate that complete severing of the root is 
necessary to break the dominance. 

As shown in Table VII there is an increase in plant production 
per gram of seed stock resulting from the cutting, of the root before 
bedding. 


Table VII — Number of Porto Rico Sweet Potato Plants Produced from 
Seed Stock Bedded Whole, Cut in Two Pieces and Cut in Three 

Pieces 


Treatment 

Weight of 

Seed Stock 
(Grams) 

Number 
of Plants 

Grams of 

Seed Stock 
per Plant 

Whole 

6493 

335 

19.4 

Cut in two pieces 

7048 

414 

17.0 

Cut in three pieces 

7248 

557 

13.0 


The reduction of the number of grams of seed stock required per 
plant from 19.4 in whole roots to 13 grams per plant in roots cut in 
three pieces shows a saving of about 33 per cent in seed stock. 


Discussion 

Various other methods of breaking dominance and other phases of 
the problem have been and are at present being made, the results of 
which will be reported in a later paper. 

The increase of sprout production per gram of seed stock i*esulting 
from the breaking of dominance by cutting may be of commercial im^ 
portance where seed stock is limited or expensive. 

There are some practical difficulties attending the cutting of the 
roots. The cut surfaces are open to infection by decay organisms 
and mam' pieces were lost in some lots from decay originating in the 
cut surfaces. Treatment of the cut surfaces to iirevent decay was 
not very successful. The cut surfaces suberize quite rapid!}' at the 
temperature and humidity generally maintained in plant growing 
beds. Suberized surfaces are resistant to decay. The practical as]:)ects 
of the problem need further study to determine whether or not the 
breaking of dominance may be a profitable practice in the ])roduction 
of draws or slips for planting. 

Conclusions 

The proximal end of the enlarged root of the sweet potato (Ipouwea 
baiatas Lam.) is strongly dominant in the production of drawLS or 
sprouts. This dominance can be broken by sectioning the roots or by 
removal of the tip of the proximal end. From a practical standpoint 
the breaking of the dominance of the proximal end of the I'oot may 
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be of some importance in that it makes it possible to produce a given 
number of draws with less bedding stock. The loss from decay which 
may enter the cut surfaces is a factor which must be considered in 
making practical use of this method of increasing sprout production. 
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A Comparison of the Freezing and Alcohol Method in 
the Preservation of Sweet Potato Samples for 
Sugar Determinations 

By N. D. Morgan, lo-zua State College, x4]iics, Ja, 

JN connection with a study dealing with the influence of fertilisers 
upon the storage quality of sweet potatoes, the preservation of 
specimens for chemical analysis was necessary. 

To preserve plant tissue to be used for chemical analysis at a later 
time, one should use a method of killing that will 1 iri ng the life 
processes of the plant to an immediate end at the time of sampling 
for analysis. No one method will work equally satisfactorily for all 
tissues under all conditions. A worker should use. as far as jiossible, 
the procedure which is best suited for his i)articu]ar kind of material. 

A review of the literature shows three methods of killing: hot 
alcohol, drying, and freezing. Nightingale. Robbins, and Schenner- 
horn ( 6) pre.sent results which show that idant tissue of !)eet leaves, 
tomato stems, sweet potato stems, and sweet potato storage roots ma\' 
I’je preserved by freezing with no modifications of nitrogenous frac- 
tions according to the methods emjdoyed by them. The temperatures 
used for freezing trials ranged from — 3 degrees to — 14 degrees C. 
With the exception of sweet potato stems, all the i)lant materials 
were given two freezing tests, one test of 4<S hours and one test of 7 
days. In some cases more coagulable nitrogen was extracted from 
tissue which had been frozen, but the same amount of soluble nitro- 
gen was extracted and the authors (6) concluded that the diltereuce 
in coagulaldc nitrogen resulted from variations in the degree of grind- 
ing. Haller (2) in studying the changes in pectic constituents of 
apples killed the tissue by freezing it over night. 

Potter and Philli]>s {/) killed and preserved a|>p]e s])urs for chemi- 
cal analysis by the use of liot redi.stilled 93 ])er cent alcohol. A]>|»Ie- 
man and Conrad (1) killed and stored tomato tissue in alcoliol. 
Pectic constituents were studied in that case. Harvey and Murneek 
(3) used 94 per cent redistilled alcohol to kill and ])re.serve api)le 
spurs for chemical analysis. Kraus and Krayhill ( 3) killed and ] ire- 
served tomato plants for chemical analysis hy the use of ^.)3 ]ier cent 
alcohol. Quinn ( 8) preserved sweet ])otat(,) roots with 05 per cent 
alcohol for starch and sugar determinations. Hasselbring and Haw- 
kins ( 4) killed and ]:)reserved .samples of sweet potato strirage roots 
in alcohol. 

In a preliminary test in wliich heat at 80 degrees C. was used to kill 
the samples, difficulty was encountered in dr\ing tlie large amount of 
moisture out of the samples. The samples consisted of enough 1-mm. 
slices to make 100 grams. They were not vigorously aerated in the 
oven. This preliniinary test seemed to indicate that either the frec^z- 
ing or the alcohol method of killing might serve equally well in the 
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case of sweet potato samples. Therefore, the following experiment 
was conducted for the purpose of determining the relative merits 
of these two methods for the killing of sweet potato tissue. 

Eight samples of 50 grams each were collected from each of 35 
.sweet potatoes. The potatoes were cut in two transverse!}' and Iw the 
use of a kraut cutter enough 1-mm. slices were taken from each ])otato 
to make the 50-grani samples. Four of these samples were dropped 
into fruit jars containing enough boiling redistilled 95 per cent alco- 
hol to give, a final alcoholic concentration of 80 per cent. The alcoliol 
containing the samples was brought back to boiling and the jars were 
sealed. The other four samples were placed in a cold storage room 
which had a temperature range from — 10 degrees to — 20 degrees C. 
One week later the frozen samples were transferred to the amount 
of boiling redistilled 95 per cent alcohol required to give a final con- 
centration of 80 per cent. The samples were set asirle ftw iuie month 
before the extractions were started. 

The alcohol extraction method was used. This method consisted of 
pouring 80 per cent alcohol onto the tissue and heating just to boiling 
on a water bath. Then the samples were allowed to cool. After the} 
were cool the liquid was decanted into a liter vt^lumetric fiask. The 
process was repeated until the additional sugar extracted was less 
than 0.2 per cent of tlie total extraction. 

After completion of the extractions the extract was lu'oiight tc.) a 
liter volume under standard conditions of temperature hv the addition 
of 80 per cent alcohol. Aliquots of 250 ml. of the extract were taken 
and the alcohol was driven ofiF on a water ])ath. After making three 
or four additions of water and subsequent evaporations, al^out 100 
ml. of solution remained in the beaker. When the water solution had 
cooled to room tem])erature. an excess ( about 2 ml. ) of saturated 
neutral lead acetate solution was added to clear the solution, "i'he lead 
]M'ecipitate was allowed to settle from 2 to 5 minutes and the solution 
was filtered into a 400 ml. beaker containing sufficient potassium 
oxalate, about .5 gram, to remove the excess lead. The filter paper 
was washed thoroughly with distilled water and the solution was 
filtered again. The residue was thorough!}^ washed and the filtrate 
was brought to a volume of 250 ml. Duplicate 50 ml. samples of this 
solution were used for the determination of the tree reducing sub- 
stances. The ^lunsoii Walker Bertrand method was used. The Cu^O 
was dissolved with 10 ml. of ferric ammonium sulphate solution and 
titrated with approximately N/ 10 KMn 04 . Titrations were made 
until duplicate samples checked within 0.2 ml. The co]^per titration 
was multiplied by the factor to give the cop|>er in milligrams, and the 
dextrose equivalent was looked up in IMunson and Walker's tables 
and expressed as reducing sugar. 

For the determination of non-reducing sugars, 75 ml. of the above 
extract were placed in a 100 ml. volumetric flask and 5 ml. of 36 per 
cent HCl were added. The solution was allowed tb sit over night in 
a warm place. Then it was cooled, neutralized with NaOH, using 
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alizarine as an indicator, and brought to volume under standard con- 
ditions. The reducing power was determined as before, except only 
25 ml. of the extract were used for each determination. The titration 
expressed as dextrose represented the total reducing power after 
hydrolysis. The increase in the reducing power, due to hydrolysis, 
represented the non-reducing sugars, commonly called sucrose. 


TABLE I — Sweet Potato Storage Roots 
(Sugar Expressed as Percentage of Green Weight. Samples Preserved as 

Indicated) 


Reducing Sugars 

Non-reducing Sugars 

Alcohol Method 

Freezing Method 

Alcohol Method 

Freezing Method 



0.73 

5,65 



0.86 

5.72 



5.71 

5.64 

■bHI 

1.06 

5.67 

5.67 

Ave. 1.07 

1.07 

0.74 

5.67 


The results in Table I show that the two methods are equally effi- 
cient in killing sweet potato storage roots to be used at a later date 
for sugar determinations. Therefore, the choice between these two 
methods for this particular crop is one of convenience. 
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A Study of Growth and Development of the Potato Plant 

By Ora Smith^ Cornell University^ Ithaca, N. Y, 

^HIS work is preliminary to a more comprehensive study of the 
effect of storage conditions of seed potatoes on the growth of the 
plant and the influence of fertilizers on the setting and development 
of tubers. There appears to be a scarcity of literature dealing with 
effects of seed storage conditions and of fertilizers on rate of de- 
velopment of plant and tubers and of movement of organic materials 
in the plant. 

Growth of the Potato Plant 

Certified Smooth Rural potatoes, planted May 28, 1931. were har- 
vested at four periods during the growing season. At each harvest peri- 
od 10 two-stemmed plants were selected, one from each row, and the 
following data obtained : fresh weight of entire plant, fresh and dry 
weight of tops, and fresh and dry weights of each individual 
tuber. All tubers regardless of size were included. Initiation of tuber 
setting for a majority of the plants occurred about July 2. 

Additional tubers were dug at each harvest date and used for 
respiration studies as previously described. 

An increase in fresh and dry weight occurs at each successive har- 
vest with all the plant parts with the exception of the fresh weight 
of the tops. This decrease at the third harvest period probably is due 
to the lower leaves drying and some loss of leaves from the plant. 
Because of the dry condition of the foliage it was im]-)ossib1e at the 
last harvest to obtain data on the fresh weight of the tops and there- 
fore of the entire plant. When these data are plotted the typical 
sigmoid curve for rate of growth is obtained. The rather slow rate 
of growth early in the season shortly after setting, is followed by a 
rapid rate which tends to drop off late in the season. The small aver- 
age fresh weights per tuber result from averaging all tubers, regard- 
less of size. 

The respiration data are similar to those previously obtained (5) 
with the White Rose and Irish Cobbler varieties. Respiratory activity 
is greatest in the earlier-harvested, less mature tubers, and gradually 
decreases as maturity advances. The decrease in re.spiration rate is 
very rapid between the harvests of the very immature tubers but be- 
comes less as the tubers approach maturity. 

The tubers were placed in classes according to their fresh weights. 
These data and the dry weight percentage of the entire tuber popu- 
lation at each harvest are presented in Table II. The dry weight ]:>er- 
centages of all tubers on July 25 w^ere practically the same regardless 
of the size of the tuber. This is not true, however, at any of the 
subsequent harvest dates. At the second harvest period, on August 11. 
the dry weights of the different classes of tubers varied from 17.15 
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to 19.2v^ per cent, .\fter that date, howeA^'er, the differences in dry 
weight ]:)ercentages of the tubers of the different weight classes 
became very great. The dry weight percentages of tubers with fresh 
weights less than 10 grams rapidly decrease after the second harvest 
whereas tubers with a fresh weight greater than 10 grams continue 


TABLE II — Development of Dry Matter in Tubers During 1931 


Weight Limits 
(Gms.) 

j Per cent Dry Weight 

July 25 

August 11 

September 7 

September 24 

Less than 1 gram 

ItolO 

10 to 20 

20 to 50 

50 to 100 

100 to 200 

Ovpr 200 

15.83±0.08 

15.17i0.14 

15.56 ±0.26 
15.89±0.45 

16.57 

17.15±0.51 

19.23±0.40 

18.60±0.57 1 

17.52±0.27 

18.58±0.12 

17.46±0.14 

11.35±1.10 

17.60±0.67 

26.40 

24.22 ±0.36 
23.03±0.25 
23.05±0,14 
21.52±0.47 

10.0 

16.27±1.16 

22.42±0.79 
23.12±0.26 
22.54 ±0.29 
21.05 ±0.49 




Entire tuber population. . . 

15.79 

18.01 

22.65 

22.05 


to increase in dry weight percentage until the third harvest. Between 
the third and fourth harvest the smaller tubers continue to decrease 
in dry weight percentage whereas the dry weight percentages of the 
larger tubers change very little, some classes increasing slightly and 
other classes decreasing in slight amounts. xAlthough there were no 
tubers in the 10- to 20-gram class at the last harvest, those tubers in 
the next heaviest class (20-50 grams) have decreased decidedly in 
dry weight percentage between the third and fourth harvest. These 
data indicate that all tubers weighing 50 grams or less have decreased 
in dry weight percentage between the third and fourth harvest or be- 
tween September 7 and September 24. The average dr}' weight per- 
centage of the entire tuber population increased up to the third harvest 
period but decreased slightly at the foui'th harvest. 

During the fourth harvest it was o]>served that several of the 
smaller tubers on each plant had almost completel}' disappeared* 
sometimes nothing remained but the entire periderm in the form of 
a collai^sed balloon. In others the disintegration had not progressed 
so far, leaving the tubers in a wilted* flaccid condition. There was an 
average of 2.8 resorbed tubers per plant at the fourth harvest when 
the tops were dead and dry. The number of stolons and the total 
number of tubers set on each plant were counted at the time of each 
harvest. The number of tubers less than 0.2 gram in weight and the, 
number of tubers resorbed were recorded again seimrately. The 
number of stolons per plant were practically the same at each harvest. 
The number of tubers set at the ' last three harvests were practically 
the same also but at the first harvest the number was considerably 
less. Clark (2) states that the entire crop of tubers is set within the 
space of a few days, especially those tubers which eventually reach 
maturity. These experiments do not completely bear this out. The 
tubers harvested September 24 were divided into two groups accord- 
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ing to weight, those above 57 grams, approximately 2 ounces, and 
those less than that weight. On September 24 each plant averaged 
8.2 tubers weighing more than 57 grams each. On July 25, however, 
the plants averaged only 6.9 tubers set. Evidently some tuber setting 
occurred after the first harvest on July 25. 


TABLE III — Formation of Tubers During the Growing Season 


Date Harvested 

Average per Plant 

Number 

Stolons 

Number 
Tubers Set 

Traces, Less 
Than 0.2 Gm. 

Number Tub- 
ers Resorbed 

July 25 

13.9±0.40 

6.9±0.21 

0.7 

0.0 

August 11 

14.0db0.57 

10.5±0.98 

2.8 

0.0 

September? 

13.3 ±0.71 

10.9±0.34 

4.4 

0.0 

September 24 

12.4i±1.25 

10.7±1.02 

0.0 

2.8 


^Soine stolons near the soil surface have decayed and sloughed off. 


Rate of Movement of Organic Materials 

Dixon (4), calculating from the measurements of only one tulier, 
concluded that organic substances must travel through the phloem of 
the stolon into the potato at the rate of nearly SO cnis. per hour. 
Crafts (3) also using a single tuber, reported the rate of movement 
of organic materials as 21 cms. per hour through the phloem. Neither 
of these investigators have calculated the rate of flow of organic ma- 
terials into the tuber throughout the growing season. It is almost 
universally held that the phloem is the channel for the downward 
movement of organic materials from the assimilating organs. 

Two-stemmed plants of the Smooth Rural variety planted May 28 
were harvested August 11 and September 7. A limited number of 
tubers were selected and weighed. The stolon of each tuber was 
cross sectioned, mounted on a slide and the phloem area of each stolon 
was measured from a micro-projection drawing. By the use of the 
growth curve of the entire tuber population and the graph showing 
the relation between the weight of the tuber and tlie phloem ariM of 
the stolon the values of the average weight of each tuber from tlie 
time of setting until harvest, and the average j^hloem cross sectional 
area of the stolon from the time of setting until harvest were calcu- 
lated. 

The percentage of starch in each tuber was calculated from the dry 
weights of each tuber by the method of Von Scheele and Svensson 
(6). These investigators showed that as the dry substance increased 
the starch increased but not in the same projiortion. Tlie differences 
increase as the dry substance and starch contents increase. From 
these data the amount of carbohydrate in each tuber at harvest time 
was calculated. The carbohydrates respired by the tubers from the 
time of setting until hai’vest were calculated from the average weight 
of the tuber during that time, the average temperature of the soil 
during that same period and the length of time from tuber setting 
until harvesting. The rate of respiration was obtained from tuliers 
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harvested at the same stage of development and the respiration run 
immediate!}' after harvesting at the same temperature as the average 
temperature of the soil during the growing season. The closed system 
of resi>iration was used, therefore, the percentage of carbon dioKidc 
in the closed jars surrounding the tubers was similar to that surround- 
ing the tubers in the vsoil. 

A 15 per cent solution of carbohydrate during translocation is as- 
vSumed. lUishnell (1) has found that the sap in the stem of the po- 
tato at times might be more than 15 per cent carbohydrates. 

It is necessary to assume that all tubers were set at approximately 
the same time. The two largest tubers were harvested on September 
7, the remaining tubers on August 11. 

Table R" presents the data from which the calculations were made, 
the last column showing the average rate of flow in centimeters per 
hour for every hour .since tul)er setting. 
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Effects of Light and Temperature on the Growth and 
Tuberization of Potato Seedlings ^ 

B}- J. H. Beaumont, and J. G. Weaver, North Carolina State 
College, Raleigh, N. C. 

J^XPERIENCE had shown that it was possible to grow potato 
tubers to the size of a walnut on seedling potato j^lants in dtYz- 
inch pots ill the greenhouse ; that these tubers when properly ''after 
ripened"’ gerniinated and grew in the field as satisfactorily as trans- 
planted plants. Under conditions existing at the North Carolina 
Agricultural Experiment Station it was thought that this method of 
trans]:)orting seedlings to the field would be a great advantage. Of 
several ]n*oblenis associated with growing seedlings in this manner one 
was to determine the light and temperature conditions most favorable 
for tuberization and early maturity in order that greenhouse time 
and expenses might lie reduced. 

Two tem]:>eratnres were available, namely, a cool greenhouse oper- 
ated at a night tem]:)erature of 50 degrees F. and a day temperature 
of 60 degrees F'. ; a warm greenhouse operated at a night temperature 
of 60 degrees F. and a day temperature of 70 to 75 degrees F. By 
careful regulation these temperatures were maintained within very 
close limits, the warm house tending to fluctuate more than the 
cooler one. 

Variations in light exposure were secured by lengthening the nor- 
mal 9.5-hour winter clay by suspending 115-volt, 200-watt clear glass 
Mazda lamps over the treated plants. The lamps were equipped with 
enameled reflectors and delivered 160 to 260 foot candles at the outer 
edge and at the center respectiveh' of the area covered by the experi- 
mental plants. Four exposures were used as follows ; normal day and 
illumination totaling 12 hours. 15 hours, and 1<S hours. The air tem- 
perature ])eneath the lights was maintained at average greenhouse 
tem])erature hy means of a small fan. 

The seedlings used were from selfed seed of the Katahdin variety, 
transplanted to 3j/2-inch pot.s and allowed to mature under the various 
treatments. The material was quite variable because of its heterozy- 
gous nature, though striking abnormalities did not appear. Random 
saanples of the treated plants were secured by taking every fifth plant 
according to a definite plan such that variations in light, temperature, 
and vigor would tend to be compensated. Samples were composed of 
15 to 18 plants each, except the last set which consisted of 30 to 35 
plants each. They were taken at three periods, (1) when the majority 
of the plants were beginning to form tubers, (2) when the first 

’Published with the approval of the Director, North Carolina Agricultural 
Experiment Station as researdi paper No. S3. 
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plants were just beginning to mature 14 dayvS later, and ( d ) wlicn 
practiailly all plants had matured 22 da 3 ’^s after (2). 

The elTects of light and temperature upon the letigtli of stem 'are 
significant ;uid are presented in Table L It is seen that tein]>erature 
has had a marked effect upon the elongation of the stein lieginning 
earlv’ and increasing throughout the duration of the experiment. 1die 
progressive differences due to the high temperature at the three 

TABLE I — Effect op Day Length and Temperature upon Length of Stem 
OF Plants at Three Successive Periods of Growth. (Centimeters) 


Light Conditions 

Average Length of 
Stem — ^January 6 

Average Length of 
Stem — ^January 10 

Average Length of 
Stem — February 10 

50® P. 
House 

60® P. 
House 

50® P. 
House 

fi0®p. 

House 

.50® F, ; 
House i 

00® F. 
House 

Regular day 

12.84 

25.76 

17.92 , 

25.64 

14,88 

23.31 

12-hour day 

15.81 

29.32 

15.96 

38.33 

15.49 

32.32 

15-hour day 

14.25 

34.37 

15.74 

41.38 

16.94 

45.72 

18-hour day 

13.47 

27.07 

16,28 

38.03 

10.94 

47.59 

Total 

50.37 

117.42 

65.90 

143.38 

64.25 

: 148.94 

Average 

14.09 

29.35 

16.47 

35.84 

1{).06 

37.23 

Difference 

— 

15.26 

— 

19.37 

— 

21.17 


periods of sampling were 15, 19, and 21 cm. and show the more 
rapid rate of elongation of the stem at the high temperature. "I'hese 
results are not in agreement with those of Biishnell (2 ) who found 
no significant differences in rate of elongation clue to temperature 
though it is likely that the temperatures he used were somewhat 
the optimum, the lowest being 68 degrees F. and the highest 84.2 
degrees F. in contrast to those employed in this investigation. 

At the low temperature the effects produced liy the different light 
exposures appear as random variations in that all plants luive approxi- 
mately the same stem length. At the high temperature on the other 
hand the 15-hoiir exposure seems definitely to stimulate early and 
continued vegetative growth until the final period when the IX^-honr 
plants overtake them. It is clear, however, that temperature has 
produced the more striking differences and that light exposure has had 
little or no effect except at the higher temperature. 

In contrast to length of stem are the effects on number of lea\<\s. 
average she and total leaf area of the plants. ( See Plate* 1. ) 11u*sc 
data are not presented in tabular form in that the A%'iriatious an* small 
and probably are of little significance. The average* mimlKM- of leaves 
per plant at the second period was 7.4 at each temperature. 11ie range 
of the high tempei-ature plants under the different light ex])osur(*s was 
6.7 to 8.7, and for the low temperature plants was to 8.4, Hie 
total leaf area per plant at the high temperature was If) sfiuare inches 
compared to 17 square inches for the low temperature plants. Under 
high temperature the IS- and 18-hour plants, with 21 and 22 square 
inches respectively had the greater leaf area ; under low temperature 
the 12-hour plants, with 19 square inches had the greatest leaf area. 
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The average size of leaf was remarkably uniform for all groups. .The 
regular day plants at both temperatures had the smallest leaves (1.9 
square inch) while the average leaf areas of the 12-hour, low tem- 
perature and 15-hour, high temperature plants were 2.7 and 2.9 
square inches respectively. It is apparent that all of these differences 
are small and of doubtful significance, though none the less remark- 
able in the light of the striking differences produced in length of stem. 


TABLE II — PEii CENT OF Plants Mature at Final Sampling (February 10) 


! 

No. Plants 
per Sample 

1 Percentage Tops Mature 

Light Conditions 

50“ P. House 

60® P. House 

Regular day 

2.^ 

0 

100 

12-hour day 


23 

100 

15-liour day 

29 

69 

48 

18-hour day 

26 

81 

7 


There was, however, a pronounced difference in shape and indenta- 
tion of the leaves at the two temperatures. The high temperature 
leaves were divided into from 3 to S leaflets and were heavily pubes- 
cent, while those of the low temperature j^lants were mostly entire 
and with very little ptibescense. 

Both light and temperature have profound effects on the maturity 
of the plants as shown in Table 11. At the high temperature the 
plants under regular day 12-hottr exposures had all matured while at 
the next longer exposures respectively, 48 per cent and 7 per cent 
only were mature. These results are entirely in line with those secured 
by other investigators notably Garner and Allard (4, 5), Zimmerman 
and Hitchcock ( 6), Arthur, Guthrie, and Newell (1), and Maximof 
and Rosumov“ with the potato at summer temperatures, which indi- 
cate that the longer light exposures favored prolonged vegetative 
growth. In contrast to these, at the lower temperature used in this 
experiment diametrically opposed results were found which have not 
been previously reported. It seems, therefore, that the relative dif- 
ference of 10 degrees F. in temperature has completely reversed the 
effects of light exposure on maturity. 

The salient features of the experiment so far as the economy of 
the plant as measured by growth and storage is concerned are pre- 
sented in the following paragraphs. The data for top w’eight, tuber 
weight, and total weight at the last period of sampling are combined 
in Table III. On account of differences in maturity, the falling and 
loss of leaves and drying of the stem, the top weight could not be 
secured at the time the tubers were harvested. Consequently the 
greatest top weight recorded is used as the final weight. 

The effects of light and temperature on green weight of the top 
are presented in the first section of Table III, These data are in line 
with those secured for length of stem except that the effect of light 

“Copy undated received through Office of Horticultural Crops and Diseases, 
Washington, D. C. 
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Upon green weight at the low temperature is more jironouncecl and 
increases to the 18-hour exposure, while at the high temperature the 
IS- and IS-hour exposures produce approximately equal effects. As 
was the case with length of stem the higher temperature is slightly 
more favorable for growth in weight of tops, the average clifference 
being 2.4 gms. per plant. The differences are not uniform at the dif- 
ferent light exposures, the greatest difference occurring at the 15- 



different light and temperature treatment.s. Solid line = Percentage tuber 
weight based on total weight. Broken line = Percentage tt)p weight based 
total weight. 

hour and the lea^st at the regular day, light exposure. ( irowth at tlu* 
low temperature reaches a maximum at 18 hours and the range is 
not so great as at the high temperature where the maximum is rt*ached 
at or near 15 hours. 

The weight of tubers produced presents striking contrasts t(» tlu‘ 
growth of tops. The difference in tuber weight was — 2.8 gms. jjer 
plant in contrast to +2.4 gms. in weight of top in favor oi the liigher 
temperature. The clear maxima noted at the IS-hour high tempera- 
ture exposure for weight of top and length of stem becomes less 
prominent when tuberization is considered, while at the low tempera- 
ture the maximum for top growth shifts from the 18-hour e>;posure 
to the 15-hour exposure. 

The combined green weight of toiis and tubers is shown in the third 
section of the table. It is apparent that while heretofore the effects 
of temperature were the mote striking and the character of the growth 
was distinctly affected, by this treatment of the data all effects of 
temperature disappear and total growth becomes a function of light 
with the 15- and IS-hour exposures outstanding. The average dif- 
ference per plant is A gni. in favor of the low temperature. 
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Since total growth seems to be constant at a given light exposure 
it will be of value to consider more carefully the characteristics of 
this growth. These facts are bx'ought out clearly in Fig. 1,, in which 
the percentages tuber weight at the two temperatures for each light 
exposure are joined by solid lines, while the corresponding percentages 
of tops are joined by the broken lines. Note the complete reversal in 
behavior of the plants at the two temperatures. Clearly at the 12- 


TABLE III — ^Weight of Tops and Tubers of Potato Plants 



Ave. Wt. Tops 

2nd Period 

Ave. Wt. Tubers 
(Gms.) — 3rd Period 

Total Wt, Tops and 
Tubers — Tops 2nd 
Period — Tubers 3rd 
Period 

50® House 

60® House 

50° House 

60® House 

50° House 

60® House 

Regular day 

4.46 

5.91* 

6.46 

4.06 

10.92 

9.97 

12-hour day 

4.68 

6.62 

8.28 

6.82 

12.96 

13.44 

15-hour day 

5.58 

9.22 

11.04 

7.33 

16.62 

16.55 

18-hour day 

6.44 

9.01 

9.96 

6.22 

16.40 

16.23 

Total 

21.16 

30.76 

35.74 

24.43 

56.90 

56.19 

Average 

5.29 

7.69 

8.93 

6.11 

14.22 

13.80 

Difference 

— 

2.40 

— 

—2.82 

— 

—0.43 


hour high temperature exposure the plants have reached the point of 
greatest economy so far as proporticm of tubers and tops is concerned 
with 51 per cent tops and 49 per cent tubers. Longer or shorter 
exposures than 12 hours decrease the proportion of tubers to tops. At 
the low temperature on the other hand the greatest economy as indi- 
cated by proportion of tubers and tops is reached at 15 hours with 
66 per cent tubers and 34 per cent tops. Above and Ixeluw this ex- 
posure the percentage tuber weight decreases. The ratio falls oF 
more rapidly after 15 hours than did the ratio of the high tem]xera- 
ture plants. 

Discussion of Results 

On the basis of re.sults obtained by Stuart, Bushnell (2,3), Ar- 
thur, Guthrie and Newell (1) and others it seems that we may at- 
tempt to account for the low yields at the higher teni[,)erature as 
being due; first, to the balance between growth and storage ])eing 
shifted toward elongation of the top and second, that this shift does 
not necessarily result in a greater number of leaves or increased leaf 
area. The rate of photosynthesis would be increased as well as the 
rate of respiration. Respiration presumably would be affected more 
than photosynthesis and consequently a somewhat greater proportion 
of the photosynthate would be used than at the lower temperature. 
The cumulative effect of these factors would result in little storage. 

The effects of light exposure are more difficult to interpret. Light 
like temperature affects the balance of growth between elongation 
and storage as it does between growth and reproduction. Garner and 
Allard and others have ably demonstrated the latter. The optimum 
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light exposure may be different for each of these processes at a given 
tempei'ature and for a single process the optimum may be different 
at different temperaturevS as indicated here. Thus the data presented 
indicate that at the two temperatures respiration presumably i*emain- 
ing constant regardless of light exposure total growtli is associated 
with increased light exposures up to IS hours, while tlie point of 
maximum tuber storage in proportion to total growth occurs at 12 
hours at the high temperature and at 15 hours under the low tem- 
perature. 

From the standpoint of yield and early maturity, the major purpose 
of this investigation, the 15-hour light exposure in the cool greenhouse 
has proven most satisfactory. As to why this should be so is a ques- 
tion that will require further investigation. 
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Size of Seed Piece and Sprout Removal in Relation to 
Sprout Formation on Jerusalem Artichoke Tubers 

By Victor R. Bosweix^ U. S, Department of Agriculture, 
Washington, D. C, 

gIZE of seed piece and the removal of successive crops of sprouts 
of the potato tuber are known to have a pronounced effect upon 
the number, size, and vigor of sprouts ; upon the number and vigor 
of stalk$[ per hill ; and finally upon the yield and market quality of 
the crop. The J erusalem artichoke, like the potato, produces tubers ; 
is propagated by tuber pieces in a manner more or less similar to 
that used in propagating the potato; and there the chief points 
of similarity of the two crops end. However, observations of the 
artichoke have suggested that there might be similarities of be- 
havior incidental to propagation. Inasmuch as the results of Jeru- 
salem artichoke propagation studies in this country are exceedingly 
fragmentary and inconclusive, a careful consideration of sprout 
production by tuber pieces is of both academic interest and prac- 
tical importance. 

Methods 

Fi-om a bulk lot of tubers of the White Improved variety which 
had been freshly dug in the spring, numbers of specimens were se- 
lected which weighed approximately 10, 20, 30, 40 and 60 gms. 
each. Twenty-five tubers of each size were cut in halves so that 
50 pieces of cut tubers 5, 10, 15, 20 and 30 gms. in weight were 
available for planting. An equal number of whole tubers of corre- 
sponding size was planted beside each lot of cut tubers. One lot 
of 70 gm. whole tubers alsq was planted. Api'il 1, 1931, the pieces 
were placed on moist sand in a greenhouse bench and covered with 
4 inches of moist peat moss. After a few sprouts emerged through 
the peat, all tubers were carefully taken up and the sprouts and 
roots removed ; the number of sprouts per tuber and the total 
weight of sprouts from, each lot of tubers or -pieces were recorded. 
The tubers and pieces were then replanted as before. Data upon 
five successive crops of sprouts were collected in this manner. In 
two instances, irregular sprouting, together with some unavoidable 
delay in taking the data, resulted in the formation of several leaves 
on a few sprouts. Thq leaves were removed before weighing. 

Results 

On account of wide variations in temperature of the greenhouse, 
the rate of growth of the sprouts must have varied widely from day 
to day and from one crop to another. Consequently, the time in- 
tervals between harvest cannot be taken as indices of relative vigor 
of growth of sprouts in different crops. Furthermore, an unavoid- 
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able delay in harvesting the fourth crop of sprouts resulted ia total 
weights that are not comparable with the others. However, ac- 
curate comparisons may be made among sprout weights for different 
seed piece lots on any one harvest date, and for the total sprout 
production of five crops. It is believed that variations in tempera- 
ture and time of harvest are without significant effect upon number 
of sprouts formed, therefore, any and all lots may be compared with 
reference to sprout number. 


TABLE I — Comparison of Sprout Production by Whole Tubers and by the 
Two Halves of Tubers of Comparable Size 


Approximate 
Weight of 

Total Tuber 
(Gms.) 

Number of Sprouts per Tuber 

1 Weight of Sprouts per Ttxber 

Halved Tubers 
x2 

Whole Tubers 

Halved Tubers 
x2 

(Gras.) 

Whole Tubers 
(Gms.) 

10 

13.08 

10.80 

4.12 

3.68 

20 

20.34 

18.40 

10,10 

6.72 

30 

36.92 

24.65 

13.31 

10.78 

70 

47.50 

55.22 

18.7 <S 

16.02 


Most of the 5 gm. pieces and over half of the 10 gm. and 15 gm. 
pieces had decayed between the fourth and fifth crop of sprouts. 
Practically no losses from decay occurred until after three crops 
of sprouts had been removed, and these iirst losses were almost 
entirely in the 5 gm. pieces. There was no appreciable loss from 
decay of tubers or pieces over 15 grnis. in weight at any time. There 
were greater losses from decay among the whole tuliers than among 
cut pieces of the same size. 

Upon harvesting the fifth crop of sprouts, the tubers appeared to 
be so nearly exhausted that the study was terminated. The whole 
tubers appeared normal from the exterior ; there was no appreciable 
shrinkage nor decay, but they yielded easily to ])ressure. Cutting 
a large number showed every one to lie ])ithy and to contain largo hol- 
low spaces surrounded by semi-dry pithy tissue, especially in the 
branches of the tuber. Cut surfaces of the cut pieces were well 
calluseci over, but greatly distorted by the virtual collapse of the 
tuber piece, presumably resulting from the exhaustion of storage 
materials. 

In order to determine the effect of cutting u])on tlie total sprout 
number and weight of a single tuber, the results olitained with cut 
pieces (halves) weighing 5, 10, IS, and 30 gms. were each multi- 
plied by 2 and compared with the results from whole 10-, 20-, 30-> 
and 70-gm. tubers. These data are presented in Table I, 

Except with the very large tubers, cutting the tuber in halves 
resulted in a definitely greater number of sprouts ])roduced ; and in 
all .sizes, a definitely greater weight of sprouts. 

Data upon both whole and cut pieces of different sizes, for the 
five successive crops of sprouts were compared hy Student^s 
Method. Considering the means of only the undecayed pieces, the 
cut pieces produced 3.17 sprouts per crop each, while the whole 
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tubers of corresponding size produced 3.02 sprouts. The difference 
of .15 sprouts per piece was quite insignificant as the odds were less 
than 2 to 1. Of the three larg*est sizes, the cut pieces produced 4.18 
sprouts and the whole tubers 3.70 sprouts per tuber per crop. The 
odds of significance were 34 to 1. There was no significant dif- 
ference in weight of sprouts produced per piece by whole and cut 
seed pieces of the same size. However, the individual sprouts on 
the whole tubers averaged very slightly larger than on the cut 
pieces. 

Table II presents the summarized data upon all five crops of 
sprouts produced. The total number of sprouts produced per piece 
increased from approximately 8 for 5-gm. pieces to 55 for 70-gm. 
pieces. Columns seven and eight show no consistent relationship 
between sprout size and tuber size. However, these total figures 
upon sprout size do not show the relationship between spi'out size 
and tuber size that was evident in certain crops of sprouts, for 
which the detailed data are presented later. 

Per unit weight of seed piece, the S-gm. size produced approxi- 
mately twice the number and twice the weight of sprouts as did 
the 70-gm. size. The number and weight of sprouts produced per 
unit weight of piece by the other sizes fluctuated considerably, but 
in general varied inversely with the size of seed piece. Further con- 
sideration of the data will be based upon the combined results of 
whole and cut tubers. 

The third column of Table III shows that in each crop of 
sprouts, the number of spi'outs per piece increased consistently with 
size of tuber. The fifth column shows, however, that the smaller 
tubers produced a greater number of sprouts in proportion to tuber 
weight than did the larger ones. The larger the tuber piece, the 
greater was the total weight of sprouts produced ]>er i^iece ; but as 
in sprout number, the small tubers and pieces produced a greater 
weight of sprouts per unit weight of tuber than did the large pieces 
(last column). In the first four crops of sprouts there was no 
significant relation between tuber size and sprout size ( foiirtli col- 
umn) but in the fifth crop a very high positive correlation existexl. 

Table III shows that all sizes of tubers responded similarly to 
sprout removal. The largest number of sprouts per tuber was pro- 
duced by the second crop, the number being* almost double that of 
the first. The third and fouith crops of sprouts were intermediate 
in number, w’hile the fifth decreased very markedly, indicating that 
exhaustion of the tubers was being approached. Considering the 
total mean number of sprouts per piece, including all sizes, as an 
index of sprout production we fintf the following : Initial crop, 
21.14; second, 40.75 ; third 30.98; fourth 30.12 ; fifth 10.20. 

For reasons stated above, no accurate indication can be obtained 
from these data relative to the effect of sprout removal upon sub- 
sequent sprout size except in the case of the fifth crop of sprouts. 
After removal of four successive crops, the seed pieces were so 
depleted of the materials requisite for growth that the fifth crop 
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of spi'outs was very small in both numbers and weight. Many 
small tubers, although free from decay and apparently sound other- 
wise, produced no sprouts. 

TABLE III — Growth of Five Successive '"Crops” of Sprouts Upon 
Different Sizes of Tubers of Jerusalem Artichoke 


Date of* 
Sprout 
Removal 

Original Mean 
Wt. of vSeed 
Piece 
(Gms.) 

Mean No. 
Sprouts 
per Piece 

Mean Wt. 
per Sprout 
(Gms.) 

Mean No. 
Sprouts per 
Gm. of Piece 

Mean Wt. 
Sprouts per 
Gm. of Piece 
(Gms.) 


*5.1 

1.62± .053 

.232 

.318 

.074 


10.4 

2.08± .070 

.248 

.200 

.050 


15.2 

3.01 d= .092 

.240 

.199 

.048 

Apr. 11 

21.3 

3.93± .115 

.256 

.185 

.046 


32.4 

4.25± .124 

.284 

.131 

! .038 


69.4 

6.25± .602 

.332 

.090 

.030 


5.1 

2.56=h .082 

.306 

.502 

.153 


10.4 

3.49d= .114 

.327 

.336 

.110 


15.3 

5.52 ± .219 

.261 

.363 

.094 

Apr. 21 

21.7 

6.58=b .203 

.188 

.309 

.057 


33.4 

5.S7d= .317 

.376 

.181 

.068 


69.4 

16.73 =b .733 

.202 

.241 

,049 


5.1 

l,74=b .062 

.282 

.341 

.096 


10.4 

2.59 .083 

.382 

.249 

.094 


15.3 

3.61 db ,140 

,361 

,237 

.085 

Uay 8 

21.7 

4,18± .12S 

1 .509 

i .196 

.098 


32.4 

5.69 ± .160 

.463 

1 .176 

.081 


69.4 

13.16=b .775 

.415 

.190 

.078 


5.1 

1.30± .066 

.(i22 

.255 

.159 


10.4 

1.63± .073 

.845 

.157 

.155 


15.3 

2.43± .104 

.965 

1 .160 

.153 

May 2(.> 

21,7 

3.42=i= .150 

.454 

.160 

.071 


32.4 

6.14=b .240 

.578 

.190 

.109 


69.4 

15.20 dbl.016 

.273 

.219 

.059 


5.1 

.84=1= .094 

.080 

.165 

.016 


10,4 

.73 =h .089 

.155 

.070 

.011 


15.3 

1.02 d: .105 

.209 

.067 

.014 

June 12 

21.7 

1.44 =b .105 

.220 

.068 

.015 


32.4 

2.29=b .148 

.243 

.071 

.012 


69,4 

3.88 d= .401 

.245 

.056 

.013 


5.1 

1.588=h ,031 







Avg, 

10.4 

2.096d= .043 

— 

— 

— , 

per 

15.3 

3.102=b .073 

— 

— 

— 

""crop” 

21.7 

3.906± .080 

— 

— 

— 

of 

32.4 

4.844=1= .102 



— 

— 

sprouts 

69.4 

11.050±: .330 

— 

— 

— 


Discussion 

In general, within each crop of sprouts, there was a definitely 
decreasing number of sprouts per unit weight of seed piece. Even 
if every bud sprouted we would hardly expect the number of sprouts 
to increase in proportion to the weight of the seed piece, because 
neither the surface of the tuber nor the number of buds on the 
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surface increases proportionally with the volume and weight, In- 
asmuch as the number of sprouts per unit weight decreases with 
increase in size of seed piece, it would appear that there is a greater 
supply of stored materials available for the growth of each sprout, 
and that the individual sprouts should increase in size with the 
increase in weight of seed piece supporting each sprout ; but this 
does not occur. If the weight of storage materials alone, in the 
seed piece, controlled the amount of sprout growth, the total weight 
of sprouts per unit weight of seed piece should be practically con- 
stant ; but neither does this occur. Evidently some factor other than 
weight of stored food supply limits sprout growth in the first four 
crops of sprouts. 

x^ppleman has suggested that even though there be an abundance 
of known food materials in a small tuber piece of potato (5 to 10 
gms. for example) such a small piece will not produce a good 
vigorous sprout because of an insufficient supply of some unknown, 
essential, growth-promoting substance ; and that a piece of perhaps 
20 to 30 gms. is necessary to supply enough of this substance to 
support good sprout growth. From this point of view, what is the 
explanation of the results obtained with artichoke tubers? There 
is evidently no such shortage of a supposed requisite growth-pro- 
moting or growth-controlling substartce as in the potato, because in 
general the small pieces produced as large sprouts as the large 
pieces in the first four crops of sprouts. In the fifth crop, however, 
the growth-controlling factor was apparently so nearly exhausted 
that only the largest tubers contained enough to produce sprouts 
comparable with those previously produced. The relatively large 
sprout sizes from large tubers in the fifth crop is due to no greater 
size of those sprouts but to a very striking decrease in size of 
sprouts from the small tubers. Even though the size of sprouts 
remained fairly high in the fifth crop on large tubers, the number 
had decreased greatly and the size decreased noticeably. 

If large tubers possess such an ample vsupply of stored foods 
and growth-promoting substances as to still support good sprout 
development after four sprout removals, while the small tubers 
have become much depleted, why did the large tubers produce no 
larger sprouts in the first four crops ? The limiting factor may be 
rate of translocation or of conversion of the requisite materials; 
or even possibly the rate of utilization by the growing sprout. A 
greater total supply of requisite materials will jiromote no greater 
growth so long as some other factor is the limiting one. 

From these studies the prediction is made that the Jerusalem 
artichoke may be propagated quite satisfactorily with smaller seed 
pieces or tubers than is required in the propagation of the potato. 



Length of Rest Period of the Tuber of Jerusalem. 
Artichoke (JSeliardhus tvherosus L.) 

By Victor R. Boswell, U. S. Department of Agriculture, 
Washington, D. C. 

ON account of the possibilities of the Jerusalem artichoke tuber as 
a commercial source of levulose, and also its use in special diets, 
this plant has assumed a new importance in recent years. Although 
it is native to North America, is found growing wild in many parts 
of the United States, has been grown in home gardens for genera- 
tions, and is extensively grown for stock feed in the northwest, 
the plant has been the subject of but little investigation in this 
country, except from the chemical standpoint. The growth of the 
plant and its response to its environment have been studied very 
little. Since numerous demands for information are being received, 
and the demand will dopbtless increase, it is desirable to make a 
brief report of certain studies at this time even though it represents 
but a single season’s work. 

There is much interest in the artichoke in certain regions of the 
lower South where temperatures much below freezing very rarely 
occur. How will tubers of different varieties grow when planted, 
if they have never been subjected to a period of cold such as occurs 
during the rest period in regions farther north ? 

Materials and Methods 

In determining the range in the length of the rest period of the 
tubers, a collection of 145 varieties or forms was used. This ma- 
terial has been collected over a period of years by Dr. D. N. Shoe- 
maker, of the Bureau of Plant Industry, in making a search for all 
forms of the artichoke that might be of commercial value ; and the 
collection is being maintained at Arlington Farm, Va. Included 
among the sorts of possible commercial value are about SO seedlings 
and others which produce tubers of inferior size or quality but 
which have been retained for systematic study. The writer is in- 
debted to Dr. Shoemaker for making this collection of material 
available for the studies upon rest period. 

The tubers were harvested the last week in November, about 
three weeks after the death of the tops, after several frosts, but 
before any freezing of the soil had occurred ; then left in the field, 
covered with soil for a few days until they could be planted. Twenty 
tubers of each variety or strain were planted in a single row in soil 
in greenhouse benches on Dec. 1, 1930. The rows were 6 inches 
apart and the tubers were slightly covered with soil so that the 
sprouts would be evident as soon as they emerged from the bud. 
The soil was kept moist and the house temperature maintained at 
60 to 6.5 degrees F. at night and 70 to 75 degrees F. during the day 
through the winter and early spring. Toward the end of the period 

297 



298 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


it was impossible to avoid much higher temperatures on warm 
days. 

Beginning on Jan. 3, 1931, when the first sprouts appeai*ed, each 
lot of tubers was carefully observed at 4- or S-day intervals, and 
the number of tubers from which leaves had appeai*ed, was re- 
corded. 

As soon as all the tubers in one lot showed top growth, they 
were removed from the bench and discarded to avoid shading and 
crowding of the lots showing smaller growth. 

Results 

There is a surprisingly long rest period of the tubers of most 
varieties included in this study. Whereas the first sprout appeared 
in 2 lots at 31 days and in 3 lots at 40 days, 21 lots showed no 
sprouts until the 94th day and 10 lots no sprouts for 172 days. One 
lot showed its first sprout after 200 days, or' nearly 7 months. 

However, the appearance of the first sprout in a lot of tubers 
must be considered a poor index of the length of rest period, be- 
cause certain samples showed 1 or 2 sprouts at a comparatively 
early date, and not another one for as long as 2 months. In several 
extreme instances, samples showed one additional sprouting tuber 
at approximately week or 10-day intervals,, requiring as long as 4 
months for the remaining tubers to grow, after the first one had 
sprouted. In this discussion the length of the rest period will be 
measured arbitrarily by the time required for sprouting of SO per 
cent of the tubers in a lot. 

In general, the lots which produced the first sprouts early, showed 
additional sprouting tubers in fairly rapid succession and reached 
the “SO per cent sprouted*’ or “all sprouted” stage at a correspond- 
ingly early date. Considering 90 lots, of which all tubers grew, 
the coefficient of correlation between time of first sprout and time 
of “all sprouting” was .612 ± .042. The coefficient of regression 
shows a delay of .85 day in reaching the 100 per cent sprouting 
stage, for each day delay in appearance of the first sprout. 

Considering the 90 strains in which all sound tubers had pro- 
duced sprouts at the termination of the study on July 13, the mean 
time required for the appearance of the first sprout was 87 ± 2.4 
days ; 50 per cent had sprouted in! 120 days and all tubers had pro- 
duced sprouts in 155 ±: 1.84 days. All tubers in one lot had 
sprouted in 87 days. There were 55 strains in which not all of the 
tubers had produced sprouts, but 50 per cent or more had sprouted 
in each lot. 

Considering the entire 145 lots, the mean time required for the 
appearance of the first sprout was 85 ±: 2.1 days ; and 50 per cent 
of the tubers in each lot had sprouted in 130 ±1.9 days. The time 
for “50 per cent sprouting” varied from 54 to 200 days. Extra- 
polation of this growth line gives an approximate mean time of 
175 days required for all tubers in each lot to grow. 
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On account of the variation in time elapsed between the sprout- 
ing of the first or second sprouting tuber and the growth of the 
remaining tubers in individual lots, the timci of the first sprout and 
of the sprouting of the last tuber would both be misleading indices 
of length of rest period. The time required for sprouting of 50 per 


TABLE I — Length of Rest Period op Six High-Yielding Varieties of 
Jerusalem Artichoke 


Accession 

No. 

Test 

No. 

Days from Planting 

1st Sprout 

50 Per cent 
Sprouting 

100 Per cent 
Sprouted 

27007 

107 

79 

135 

— 

26724 

133 

121 

160 

188 

27574 

134 

79 

107 

142 

27218 

135 

172 

180 

— 

27585 

136 

150 

100 

— 

27082 

140 

150 

180 

— 


cent of the tubers in a lot is a better index. Occasional extremely 
late-sprouting variants within certain strains make it undesirable 
to use 'TOO per cent sprouting'" as a comparative index. Further- 
more, toward the end of the period of observation excessive day 
temperatures in the greenhouse and the rotting of some tubers 
rendered questionable the value of the time for 'TCX) per cent sprout- 
ing" as a basis of accurate comparison. 

The above figures are of interest only id showing the wide range 
in behavior within a wide range of forms of the Jerusalem arti- 
choke.^ They do not, of course, describe the behavior of an indi- 
vidual variety, nor even of modal types. When the number of 
strains beginning to sprout is plotted against the number of days 
at 15-day intervals, a curve with well defined double maxima is 
obtained. A bi-niodal curve is obtained also when ^‘50 per cent 
sprouting" is plotted against time, indicating the presence of two 
rather distinct groups within the collection considered here. One 
peak of first sprouting occurred at 53 days and another at 97 days. 
The corresponding peaks of "SO per cent sprouting" occurred at 127 
and 172 days. 

Table I presents data upon individual lots representing the com- 
mercially most promising varieties in the collection. Table II 
presents similar data for a number of apparently worthless sorts 
that were dropped from the trials in 1931, In these few data there 
is no apparent correlation between yielding capacity and length 
of rest period, although the rest period of most of the good varie- 
ties is relatively long, 5 to 6 months if the tubers are not subjected 
to low temperature. 

The detailed rest period data were studied with reference to the 
growing plants in the field early in October 1931, to'i determine if 
growth habit, vegetative characters, time of flowering, or appear- 
ance of flowers are similar among the various lots showing a simi- 
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lar length of rest period. In general, a very wide range of forms 
of plant were represented in any group of varieties of similar rest 
period. It was noted, however, that a very lai‘ge proportion of the 
varieties of relatively short rest period were seedlings of Blanc 
Ameliore grown and selected by Doctor Shoemaker, or seedlings of 


TABLE II — Length of Rest Period of Ten Commercially Worthless 
Varieties of Jerusalem Artichoke 


Accession 

No. 

Test 

No. 

Days from Planting 

1st 

Sprout 

.50 Per cent 
Sprouting 

100 Per cent 
Sprouted 

27586 

7 

129 

155 

172 

26720 

9 

47 

100 

172 

26724-1 

10 

172 

172 1 

— 

26724r-2 

11 

129 

13S 

— 

26724-3 

12 

150 

180 

— 

26724-4 

13 

40 

114 

172 

2672^5 

H 

142 

172 

— 

26724-9 

IS 

172 

200 

— 

26723-2 

20 

64 

114 

— 

26723-3 

21 

59 

S 87 

150 


unknown parentage obtained from a French seed firm. It should 
not be concluded from these meager data that there is a relation 
between the age of the clonal variety and rest period, for the tubers 
of the longest rest period observed are from seedlings, and some of 
the earliest sprouting sorts are certainly relatively old. 

There is a group of three lots in tlie ccdleCtion wliich were ob- 
tained from widely different sources but which appear identical 
in the field. Because of their great similarity and reports concern- 
ing" theii' origin, they are all believed to have come from a single 
stock. The rest period of these three lots is also apparently identi- 
cal. Two other lots, apparently identical, attained 50 per cent 
sprouting in 160 and 180 days, respectively. 

Twenty different lots obtained from widely separated regions ap- 
peared much like Blanc Ameliore but 5 of this number exhibited 
rest periods so much shorter or longer than Blanc Ameliore that 
they are probably distinct from that variety. These few observa- 
tions suggest the importance and value of length of rest period as 
an aid to identification. 

Extensive studies are now in progress in the Division of Horti- 
cultural Crops and Diseases upon the nature of the rest period of 
the Jerusalem artichoke tuber, and methods of breaking the rest 
period. These matters may be of considerable practical im|)ortance 
in regions where mild winter temperatures may be insufficient to 
shorten the rest period, and where satisfactory growing weather 
prevails during certain winter months. 



Apical Dominance in the Tuber of the Jerusalem 
Artichoke (Helianthus tuber osus L,) 

By Victor R. Boswell, U* S. Department of Agriculture, 
Washington^ D, C. 

JT has been commonly observed in the field that the number of 

stalks of Jerusalem articlioke per hill may vary enormously. The 
question has arisen as to whether the very numerous sprouts per 
hill were the result of some exhaustion or injury of the seed piece 
which gave rise to multiple sprouting, or whether multiple sprout- 
ing normally occurs. The present brief study was not designed so 
as to answer this question adequately, but it does give some inter- 
esting information on the sprouting habit of the tuber. 

Methods 

One hundred freshly dug tubers of the White Improved variety, 
weighing approximately 40 gms. each were placed on moist sand 
in a greenhouse bench and covered with 4 inches of moist peat moss 
on zA.pril 8, 1931. As soon as a few sprouts emerged from the peat, 
all tubers were carefully taken up and the roots removed without 
breaking off any sprouts. This tedious procedure was necessary 
in order to observe the exact point from which each sprout orig- 
inated. The sprouts were removed and the following data recorded : 
Number of branches or protuberances of each tuber; number of 
sprouts arising from apical, middle and basal buds of each tuber; 
the total weight of sprouts from each of the three regiojis of all 
tubers. Then the tubers were replanted in the grecnhou.se as be- 
fore. As successive crops of sprouts began to appear above the 
peat covering, the tubers were taken up and data recorded as 
described above. Figures for five successive crops of sprouts were 
obtained. 

The artichoke tuber of 25 to 30 gms. or more in is rarely 
smooth or symmetrical in this variety. These specimens in gen- 
eral wei'e quite “knobby” or distinctly branched. All sprouts aris- 
ing from the easily recognized terminal bud of a branch (or tuber) 
or within a I'adius of 5 to 6 mm. from the center of that bud, were 
considered as apical spx'outs. Buds arising from approximately the 
basal thii'd of the entire tuber (exclusive of branches which might 
be present on the basal third) were considered as basal sprouts. All 
other sprouts were classed as medial. 

Results 

The most striking observation in these studies was that each 
branch on the tuber behaves* more or less independently of other 
branches and the main tuber apex. This is true even of very sslight- 
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ly developed bi‘anches which appear only as slight swellings on the 
large tuber, and which are terminated by a large bud and accom- 
panying lateral buds. Only small tubers are apparently without 
branches. 


TABLE I — Number, Weight, and Position of Five Successive Crops of 
Sprouts on Large Jerusalem Artichoke Tubers 


Date 

Basis of 

Number of Sprouts 


Weight of Sprouts 

Sprouts 

Removed 

Com- 

parison 

Apical 

Medial 

Basal 

Apical 

(Gms.) 

Medial 

(Gms.) 

Basal 

(Gms.) 

4-18-31 

Per tuber 

3.65±.16 

1.53±.08 

.07 

1.88 

.53 

.04 


Per branch 
Per cent ! 

1.03 

.43 

.02 

.53 

.15 

.01 


total j 
Per sprout i 

69.50 

29.20 

1.30 

70.70 

.515 

21.80 

.346 

1.60 

.670 

4-28-31 

Per tuber 

5.68 ±.20 

2.20±.15 

.13 

1.23 

.40 

.02 


Per branch 
f Per cent 

1.60 

.62 

.04 

.35 

.11 

.006 


total 

Per sprout 

70.90 

1 27.50 

1.60 

74.70 

,217 

24,01 

.182 

1.29 

.154. 

5-9-31 

Per tuber 

5.39 ±.23 

2.45±.13 

.12 

1.08 

.56 

.02 


Per branch 
Per cent 

1.52 

.69 

.04 

.31 

.16 

.006 


total 

Per sprout 

67.80 

30.70 

1.50 

65.20 

.200 

33.00 

.228 

1.20 

.167 

5-26-31 

Per tuber 

5.2S±.28 

2.75±.18 

.31 

.85 

.37 

.08 


Per branch 
Per cent 

1.49 

.78 

.09 

.24 

.11 

,02 


total 

Per sprout 

63.30 

32.70 



28.60 

,134 


6-12-31 

Per tuber 

1.59±.16 

1.07±.13 


.26 

.21 



Per branch 
Per cent 

.56 

.38 

.04 

.09 

.07 



total 

Per sprout 

57.50 

38.70 

3.80 

52.70 

.103 

42.10 

.196 


Total 


21.59 

10.00 

.73 

5.30 

2,07 

1 .19 

of five 


6.50 

3,01 

.22 

1.60 

.62 


crops 


66.70 

30.90 

2.40 

70.10 

.246 

27.02 

.207 

2.88 

.260 


In the first as well as successive crops of sprouts, sprouting was 
not confined to branches of any definite region of the total tuber. 
Multi-branched tubers produced multiple sprouts from the first 
but not all branches produced sprouts. In the first crop there was 
no correlation between branch number and apical sprout number, 
the value of r being *-.008 ±: .067, and for medial sprouts r was 
4- .007 .066. Considering, these large tubers as a unit, it could 

hardly be said that apical dominance was strongly in evidence at any 
time in these studies. It is conceivable that under certain conditions 
sprouts on one branch might be dominant over tliose of other 
branches, but this condition has not been observed. Furthermore, 
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the apparently general occurrence of multiple stalks per hill in the 
field suggests that there is but little dominance of one branch over 
another. 

The number and weight of sprouts per tuber and per branch are 
shown for each crop of sprouts in Table I. It will be noted that the 
number of apical sprouts in the second, third and fourth crops is 
practically constant and is about SO per cent higher than in the 
first ; in the fifth crop it drops to less than half the number^ of the 
first. The medial sprout number in the second crop is about SO 
per cent greater than in the first and in the third and fourth crops, 
still further increases are noted, in contrast to the behavior of the 
apical sprouts. Basal sprouts were very few in all cases, although 
there is seen a tendency to increase in number in the first four 
crops. The total weight of apical sprouts decreased in successive 
crops, while the total weight of medial sprouts increased, although 
sprout numbers of each were not materially different in the second, 
third, and fourth crops. The size of individual apical sprouts de- 
creased in successive crops, while medial sprout weights varied in 
no consistent direction after the first crop. 

The value of the sprout weights may be questioned since tem- 
perature was not controlled in this study and the data may not 
have been taken at exactly comparable stages of development. 
However, the weights of apical and medial sprouts in the same crop 
may be compared with confidence. It will be seen in Table I that 
the proportion of medial sprouts gradually increases and apical 
sprouts decreases in successive crops. This is true for both sprout 
number and sprout weight per tuber. Thus it appears that there 
is a small negative correlation between proportions of apical and 
medial sprouts ; and that it might be concluded that apical sprouts 
gradually decrease in their partial dominance over medial sprouts. 

In the fifth crop 38 per cent of the tubers produced no apical 
sprouts while 48 per cent produced no medial sprouts. * If. there is 
a loss of dominance of the apical sprouts with successive sprout 
removal, one would expect the medial sprout number to increase 
appreciably when the apical sprouts failed to develop on certain 
tubers. However, only 45 per cent of the tubers without apical 
sprouts developed medial sprouts and most of these developed but 
one sprout. Of the tubers with no medial sprouts- only 57 per cent 
developed apical sprouts. Considering the entire lot of tubers 
(the fifth crop of sprouts) the coefficient of correlation between 
apical and medial sprout number was +.084 rfc .088, which amounts 
to no correlation at all. In the fourth crop of sprouts- the correla- 
tion was +.239 ±: .066 which is very small' and barely significant. 
No correlation existed in any of the first three crops. 

As a result of successive sprout removal the capacity for pro- 
ducing numbers of medial sprouts apparently changes to about the 
same extent as that for producing apical sprouts. The weight of 
medial sprouts^ represented only 21.8 per cent of the first crop of 
sprouts while it composed 42.1 per cent of the weight of the fifth 
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crop. Basal sprouts were so few in number and made up such a 
small proportion of the total sprout weight as to be of little im^ 
portance, although the propoi’tions of both number and weight per 
tuber increased with successive crops. Thus there appears to be a 
slight loss of apical dominance with successive sprout removal. 


TABLE II — Correlations Between Numbers of Apical and Medial Sprouts 
AND Number of Branches of the Jerusalem Artichoke Tuber. Five 
Successive Crops of Sprouts 


Dates 

Sprouts 

Removed 

\’'alues 

Compared 

Number Branches 
and Number 
Apical Sprouts 
per Tuber 

Number Branches 
and Number 
Medial Sprouts 
per Tuber 

Number Apical 
and Number 
Medial Sprouts 
per Tuber 

4-1S-31 

r 

— .00S=b.067 

+.007±.066 

r 

+.024 ±,066 

4-28-31 

+.371 ±.060 

— .120±.069 

+.066±.069 

0-9-31 

+.432±.057 

— .062±.069 

--.050±.069 

5-26-31 

-f. 711 ±.055 

+.247±.070 

+.239 ±.066 

6-12-31 

+,487±.069 

+.300±.08() 

+.084±.088 


As mentioned aliove, there was no correlation between number of 
sprouts and number of l^ranches per tuber in the first crop. Un- 
braiiched tubers shovred from 1 to 5 apical sprouts, and in contrast, 
3-branched tubers produced from 0 to 10, and S-I^ranclied tubers 
from 0 to 12 sprouts. ()bviou.sly many branches were without 
apical sprouts in this crop. In successive crops there was a pro- 
gressively greater correlation betw^een sprout number and branch 
number, as shown in Table II. It is hardly probable that this in- 
creasing tendency for many-branched tu1:)ers to bear more sprouts 
in successive crops indicates a loss of dominance of the first sprouts 
over other buds because the results of sprout removal were quite 
variable. In many case.s 3 or 4 sprouts would arise from buds 
on the base of a sprout previously broken off close to the tuber ; 
while on the same tuber another branch would show no sprout I’c- 
placement. The correlation is more probably the restiU: merely of 
increased S]'>rout numbers on individual branches. 

The more or less independent multiple a])ices of multiple-branched 
tubers have ])rcsented some unforeseen ilifficultie.s in this ‘[>reHmiuar\' 
study. In further studying this prolilem it is planned to work witli 
single apex tubers, and to record conqiletely the sprout and hud 
behavior of each branch of each nntlti])le-l)ranched tuber. 

Conclusion 

Individual branches of multiple-branched tubers are a])parentl}' 
dominant over no, other branches. A partial ajiical dominance ap- 
parently exists within the individual branch since approximately 
twice as many apical sprouts as medial and basal sprouts were ])ro" 
diiced in the first three crops. There is but a slight loss of the partial 
apical dominance after the removal of three to four crops of sprouts. 




Results of Paper Mulch Experiments With Vegetable 

Crops 

By H. C. Thompson and Hans Platenius, Cornell University, 
Ithaca, N, F. 

'JppIE experiments reported here were carried on at Ithaca, New 
York, on a Dunkirk sandy loam soil during the four years 1928 
to 1931. Six crops, namely, beets, beans, cabbage, tomatoes, pep- 
pers, and muskmelons were included in the experiment. Peppers 
and muskmelons were in the experiment only thx*ee years, 1929-1931. 


TABLE I— Avekage Yield per Acre of Six Vegetable Crops in Paper- 
Mulch Trials (1928-31) 


Crop 

Cultivated 

(Pounds) 

Mulched 

(Pounds) 

Per cent Increase 
or Decrease 

Odds 

Beets 

37,149 

35,302 

— 5 

30:1 

Beans 

6,449 

7,240 

12 

None 

Cabbage 

23,952 

23,711 

— 1 

None 

Tomatoes 

20,178 

30,749 

17 

66:1 

Peppers 

3,585 

5,625 

57 

87:1 

Muskmelons 

16,493 

18,730 

13 

22:1 


The crops were grown in the usual manner and good strains of 
standard varieties were used in all cases. Seeds of beets and beans 
were planted in place in the field as early as the weather conditions 
were favorable. Seeds of the other crops were started in the green- 
house at the proper time and the plants were set in the field as 
early as it was considered safe. Mulch paper was compared with 
clean, shallow cultivation and the treatments were in triplicate. 
Each plot consisted of five rows with the exception of the musk- 
melon plots which contained three rows each. The roWvS of beets, 
beans, cabbage, and peppers were 20 feet long, those of tomatoes 
30 feet, and those ot muskmelons 75 feet. 

The paper was applied between the rows of all crops except 
muskmelons. The muskmelon plants were planted through open- 
ings made in the center of the strips of paper 3 feet wide. The 
rows of muskmelons were 5 feet aparf so that only three-fifths of 
the land was covered. 

The average yields of the marketable portion of the crops are 
given in Table I, This table shows also the percentage increase or 
decrease due to the mulch and the odds of significance calculated 
by Student's Method. 

The data in Table I show that the mulched plots of beets pro- 
duced a lower yield than the cultivated plots, but the odds indicate 
that the difference is barely significant. The average yield of 
beets on the cultivated plots was higher every year than on the 
comparable mulched plots. With beans the increase in yield is not 
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statistically significant, although the average yield was higher on 
the mulched plots every year. The average yield of cabbage was 
practically the same under the two treatments, but the cultivated 
plots produced the larger yield three years out of four. With toma- 
toes the 17 per cent larger yield on the mulched plots is statisti- 
cally significant. In three years of heavy yields the mulched plots 
produced a considerably larger yield than the cultivated plots while 

TABLE II— Average Yield per Acre of Early Portion of Crop in Paper- 

mulch Experiments 


Crop 

Cultivated 

(Pounds) 

Mulched 

(Pounds) 

Per cent Increase 
or Decrease 

Odds 

Beans 

1,604 

1,770 

10 

None 

Cabbage 

8,784 

8,400 

— 4 

None 

Tomatoes 

3,S30 

4,936 

30 

195:1 

Peppers 

1,563 

2,344 

50 

89:1 

Muskmelons 

1.401) 

4,207 

200 

138:1 


in 1930, a year of very small, yields, the cultivated plots produced 
the larger yield by nearly 12 per cent. The mulched plots of pep- 
pers produced 57 per cent greater yield than the cultivated plots in 
spite of the fact that the yield in 1931 was very low and nearly the 
same under the two treatments. The increase in yield of peppers 
on the mulched plots is statistically significant. The yield of musk- 
melons was very high during the dry seasons of 1930 and 1931 and 
low in the wet season of 1929. In 1929 and in 1931 the yield on th^ 
mulched plots was considerably greater than on the cultivated plots, 
but in 1930 the slight difference was in favor of cultivation. The 
increase oi 13 per cent is not statistically significant. 

Effect of Paper Mulch on Earliness 

With the crops used in this experiment, earliness is of consider- 
able importance since the price usually is comparatively high dur- 
ing the early part of the harvest season. To determine the effect 
of mulch paper on earliness, the yields during the first part of the 
season have been computed and the data are given in Table 11. With 
beans and cabbage the early yield includes the first harvest, while 
with tomatoes, peppers, and muskmelons the early yield includes the 
portion of the crop harvested during the first two weeks. The 
price received for the early portion of the crop averaged much 
higher than that received for the crop as a whole. In the case of 
tomatoes the early portion of the crop sold for about four times as 
much per pound as the late portion. 

The data in Table II show thaij mulch paper markedly increased 
the early yield of tomatoes, peppers, and muskmelons, the increase 
for muskmelons being 200 per cent. The slight increase in early 
yield of beans and the decrease of cabbage on the mulched plots 
are not significant. Due largely to increasing the early yield, mulch 
paper was profitable with tomatoes, peppers, and muskmelons. 
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Effects of Paper Mulch on Soil Temperature 

Several investigators have shown that black imperforated paper 
applied to the soil increases the temperature over that of the un- 
covered soil. ' In some cases the increase was several degrees. In 
the experiments at Ithaca the temperature of the soil at depths of 3 
and 6 inches was obtained three times a day during three growing sea- 
sons and a continuous record was obtained in 1931. The data 

TABLE III— Comparison of Effect of Cultivation and Paper Mulch on 
Soil-moisture Conservation 


Percentage Moisture, Dry-weight Basis 


Beets — 1930 

Tomatoes — 1930 

Peppers— 1931 

Date 

0 to 5 ins. 

Date 

0 to 5 ins. 

1 

1 5 to 10 ins. 

Date 

0 to 7 ins. 

c . 

M. 

C. 

M. 

C. 

M, 

C. 

M. 

5/8 

5/21 

6/2 

6/13 

6/27 

7/16 

12.0 

15.1 

12.9 

13.3 
10.6 

13.4 

12.9 

15.7 

15.0 

14.8 

12.1 
13.7 

6/13 

6/27 

r/5 

7/18 

7/31 

8/15 

9/4 

12,5 

11.8 

10.9 

10.8 

8.6 

5.9 

11.2 

13.7 

13.4 
12.6 
12.1 
10.1 

5.3 

12.5 

12.0 

12.1 

9.1 

7.1 
10.6 

j 

12.1 

12.6 

10.1 

7.0 

11.7 

6/17 

7/2 

7/14 

7/28 

8/11 

11.4 

8.5 
12.7 

8.6 
10.2 

12.8 

10.8 

10.6 

9.4 

15.3 


show a slight increase in temperature in favor of the; mulch, but at 
times there was very little difference. In general, the greatest dif- 
ference was in the morning, but the mulched soil had the higher 
temperature throughout the night. In other words, the paper de- 
creased the loss of heat during the night and this probabl^ was ad- 
vantageous to the growing cx'ops during the cooler parts of the 
growing season. This may account for the fact that the warm- 
season crops were benefited more by the paper than were the other 
crops. 

Effect of Paper Mulch on Soil Moisture 

In order to determine the effects of the mulch paper on soil mois- 
ture, soil samples were taken at intervals of about two weeks during 
the seasons of 1930 and 1931. Ond sample comprising 6 borings was 
taken from each of the three replicate plots of both treatments. 
Moisture was determined on 100-grani samples by drying at 100 
degrees C. for 24 hours. In 1930 samples were taken at two depths, 
one from 0 to 5 inches and the second from 5 to 10 inches, while 
in 1930 sampled were taken from one depth only, namely, from 0 to 
7 inches. The data on soil moisture are given in Table III. The soil 
of the beet plots was sampled in 1930 and 1931, that of the tomato 
plots in 1930, and of the pepper plots in 1931. 

The data in Table III show that the mulch paper conserved more 
moisture than good clean cultivation. In all of the determinations, 
except three, the mulched soil had considerably higher moisture 
content than the cultivated soil, and with two of the exceptions the 
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difference was slight. In the third case the sampling was done 
four days after a hard rain. During sucli rains more water runs 
off of the mulched plots than from the cultivated plots. The re- 
sults reported here are in agreement w’ith those obtained l)y other 
workers. 

TABLE IV — Comparison of Quantity of Nitrate Nitrogen in Cultivated 

AND Mulched Soil 


Nitrate Nitrogen in Parts per Million of Soil 


Beet Plots — 1930 

Tomato Plots — 1930 

Pepper Plots---1931 


1 0 to 5 ins. 

Date 

1 0 to 5 ins. 

1 to 10 ins. 


0 to 7 ins. 

Date 







Date 

I 


C. 

M. 

C. 

M. 

C. 

M. 

C, 

M. 




6/8 

46 

33 

6/13 

36 

56 

— 

— 

6/17 

13 

23 

5/21 

30 

54 

6/27 

14 

SO 

— 

— , 

7/2 

27 

44 

6/2 

41 

46 

7/5 

20 

SO 

24 

63 

7/14 

21 

42 

6/13 

21 

30 

7/18 

7/31 

20 

77 

28 

54 

7/28 

12 

24 

6/27 

4 

3 

20 

49 

16 

1 51 

S/ll 

4 

15 

7/16 

2 

2 

8/15 

‘»/4 

27 

64 

15 

56 

— 

— , 

— 

— 

— 

21 

38 

20 

25 

— 

— , 
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Effect of Paper Mulch on Nitrification 
One of the advantges claimed for mulcW papei*’ is increased nitri- 
fication due to moisture conservation and higher soil tempera- 
ture. In order to determine the effects of mulch paper on nitrifica- 
tion, nitrate nitrogen determinations were made on the soil samples 
taken for soil-moisture studies. The method used was the official 
phenoldi sulfonic acid method. The data on these determinations 
are given in Table IV. 

Nitrification was more rapid in the niukhed soil than in the 
cultivated soil as is shown by the fjuantity of nitrate nitrogen' found 
under the two treatments. Increased nitrification in the mulched 
soil is proliably related to greater nioi.sture content and to the 
slightly higher temperature of this soil as compared with the un- 
inulched soil. 


Correlation Studies Between Size of Crown and Yields 

of Asparagus 

By E. S. Haber, lozm State College, Arnes, lomi 
Abstract 

The complete paper will be published in the Journal of Agricultural Research. 

“IQNDER the conditions of the experiment, significant correlations 
exist in male asparagus plants between weight of one-year-old 
crowns, when planted, and the number of spears and total weight 
of spears produced during the first three cutting seasons. With fe- 
male crowns no significant correlation exists between the sjime 
variables. 





The Effect of Length of Cutting Season on Yields 
of Asparagus 

By E. S. Haber^ Iowa State College, Ames, lozva 
Abstract 

The complete paper will be published in the Journal of Agricultural Research. 

J^EPLICATED plots of asparagus were cut for the first three sea- 
sons of cutting up to May 1, May IS, June 1, June 15, July 1, 
and July 15. There was an increase in production for 1931 in each 
successive series except of rows cut until July 15. Rows cut until 
July IS in the third year did not yield as much as rows cut until 
June IS, although 13 more cuttings were made. Rows cut until 
July 15 did not yield as well as those rows cut until July 1, although 
7 more cuttings were made. The rows cut until July 1 showed no 
decrease but the increase over rows cut a shorter period, though 
significant, are not highly significant and future records may dis- 
close that this date is entirely too long to harvest. Even cutting 
to June IS, after several more years of the same treatment, may 
re.sult in a rapid decline in yield and shorten the life of the planting. 


Anthesis and Pollination of the Capsicums 

By A. T, Erwin, Iowa State College, Arnes, la. 

Abstract 

This paper will appear in the bulletin series of the Iowa Agricultural Ex- 
periment Station. 

the period of anthesis in the Capsicums was found to lie com- 
paratively short. The major portion of the blossoms open during 
the first 2 hours after sunrise. Dehiscence follows the opening of the 
flowers leather closely. There are two types of styles. In the long 
podded primitive types, the style is longer than the stamens and does 
not favor self fertilization. In the varieties of the large blocky type, 
the style is short and stout, usually shorter than the stamens. Records 
secured by the author indicate that the Capsicums are self fertile. 

The Capsicums were found to produce nectar bearing flowers and 
under favorable conditions are visited by numerous pollen bearing 
insects. Seed saved from open pollination from plants adjacent to 
other varieties show many “splits.” The author concludes that the 
Capsicums are both self and cross fertile. 
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Carrot Seed Geraiinatioii 

By H, A. Borthwick^ University of California, Davis, Calif. 

^HE poor germination of carrot seed is one of the most important 
problems of the California vegetable seedsmen. While satis- 
factory seed will germinate 75 per cent or higher, many lots of seed 
germinate well below 70 per cent ; and the germination appears, in 
general, to be poorer in some years than in others. Investigations al- 
ready started may show in a few years what conditions cause the 
production of poor seed. Meanwhile, it has seemed desirable to study 
certain flowering and fruiting habits of the carrot in order to deter- 
mine their bearing on the quality of seed produced. This preliminary 
study is reported in the following pages. 

Branching Hacit of the Carrot 

The flowers of carrot are produced in compound umbels borne 
terminally on the branches. This habit of flowering permits one to 
segregate the inflorescences into several groups according to their 
position on the plant, as may be most readily understood by reference 
to Fig 1. The main axis of the plant terminates in a compound 
umbel which may be called the umbel of the first order. From the 
main axis of this particular plant arise 13 side branches, each ter- 
minating in a compound umbel. As these umbels are borne on side 
branches of the main axis, we may assign them to the second order. 
Each of the 13 branches of this plant also bears 2 to 7 side branches, 
terminating in umbels of the third order. In the particular plant shown 
in the diagram of Fig. 1, only 3 orders of umebls produced seed. 
Frequently, however, a large number of fourth order umliels are 
formed, and, in a few cases, seed-bearing umbels of fifth and sixth 
orders have been observed. 

This habit of growth results in an early and definite establishment 
of the frame-work on which the plant is to bear seed. Investigation 
has shown (1) that well-developed primordia of both first and second 
order umbels may be found as early as the middle of March in car- 
rots that were reset in late December. As the second order umbels 
are already differentiated at this time, the number of nodes on each 
second order branch is also determined, and therefore the maximum 
number of third order umbels which the plant can produce is like- 
wise established. Over 90 per cent of the seed crop is usually pro- 
duced in the first 3 orders of umbels, as will be brought out more 
fully in- a later paragraph. Since the number of first, second, and 
third order umbels is established as early as the middle of March, the 
position in which the greater part of the crop is to be borne is evi- 
dently determined very early and is not much influenced by conditions 
arising later in the season. 
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Fig. 1. Diagram of a carrot plant showing position of tiinbels. Circles of simi- 
lar size represent umbels of the same order. Figures within the circles are 
the dates of petal fall. 
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The growth habit of carrots makes impossible certain ]M*actices fol- 
lowed with vai-ious other vegetable seed crops. Beets, for example, 
produce their flowers in indeterminate spikes, the length and number 
of flowers of which are influenced to a certain extent by conditions 
during the flowering period ; and so the main axis is frequently cut 
back in order to force the lower laterals to greater development and 
thus keep the plants closer to the ground. Such a practice would not 
be applicable to the carrot because of its habit of growth. Cutting 
the main axis back would not increase the production of flowers on 
second order branches but would only stimulate the production of 
umbels of higher orders, with a consequent delay in flowering. 

TABLE I — Average Number of Umbels per Plant of Each Order 
Producing Seed 


Umbels of Each Order 


Source of Data 

1 

2 

3 

4 

10 Cliantenay plants 

1 

15 

53 

13 

10 Chantenay plants 

1 

12 

48 

42 

48 Danvers Half Long plants 

1 

14 

40 

23 


Time of Flowering 

]3ecause of the habit of growth in carrot, anthesis is not a continu- 
ous process in any one plant but proceeds rather by waves, each wave 
corresponding to one order of umbels. As petal fall almost coincides 
with fertilization and is a conspicuous and definite stage in the process 
of anthesis, it was chosen as a point of reference for comparing the 
dates of flowering of umbels of different orders. In the plant repre- 
sented in Fig. 1, for example, the majority of the flowers of the first 
order umbel dropped their petals on June 6. No more flowers on this 
])lant lost their petals until June IS. Between June 15 and 19, all 13 
of the second order umbels reached this stage. No flowers lost their 
petals between June 19 and 23, but between June 23 and July 2, all 
the third order umbels attained this stage of develojiuient. 

Records similar to those given in Fig. 1 were made for 10 different 
Cliantenay plants. These data showed that the second order uni])els 
(.)j)ened, on the average, 9 days after the first order ; the third order, 
11 days after the second; and the fourth order, 13 days later than 
the third. Fertilization of the flowers of the second, tliird, and fourtli 
order umbels took place, therefore, about 9, 20, and 33 (la\'s, res[)eC" 
tively, after fertilization of those of the first order itmliel. Evidently, 
then, anthesivS in any one plant is an intermittent ]>rocess, frequently 
extending well over a month. 

Number of Umbels of Each Order 

Data were collected from several lots of carrots to determine tlie 
average number of umbels of each order. These figures are pre.sented 
in Table I. 

One notes that in each of the first three orders, the number of 
umbels is about the same in all three lots. In the fourth order, how- 
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ever, much more variability is found, a fact in harmony with what has 
been said concerning the time and manner of differentiation of umbel 
primordia. 

Weight of Seed by Orders 

In order to get an idea of the relative amount of seed produced by 
each of the different orders of umbels, lots of plants from commer- 
cial fields were harvested by orders. The results were, of course, 
somewhat variable. Table II, however, shows approximately what 
is to be expected under usual growing conditions. 

TABLE II — ^Yield of Carrot Seed by Orders, Expressed as Percentage of 

Total Yield 


Order 


Source of Data 

1 

2 

3 

4 

10 Chantenay plants 

3,9 

46.7 

47.2 

2.2 

60 Danvers plants 

4.8 

40.9 

49.6 

4.7 

48 Danvers plants 

4.1 

38.0 

51.2 

6.7 


Evidently the seed crop of carrot is about equally divided between 
the first two and the last two orders of umbels, and the first three 
orders produce about 95 per cent of the crop. 

Quality of Carrot Seed of Different Orders 

In a plant such as carrot in which, as a consequence of its habit 
of growth, the inflorescences can be grouped into definite orders with 
pronounced differences in time of fertilization and in other characters 
as well, it is interesting to determine whether or not there are any 
corresponding differences in quality of seed produced. Plants were 
therefore harvested by orders in 1929, 1930, and 1931, and compara- 
tive germination tests were run, according to official standard methods, 
on seed from each order. The results from the three years are shown 
in Table III. The data for 1929 are based on the mean of twenty-one 
10-plant samples of French Forcing carrots grown in a commercial 
planting near Clarksburg, California. The 1930 data are based on 
10 Chantenay plants grown at Davis, Separate germination tesjts 
were made of the seed from each umbel of these 10 plants, and the 
data presented in Table III represent the mean percentage germina- 
tion of all umbels of each order. In 1931, data were taken "from six 
plots of IQ, carrots each in a commercial planting of Danvers Half 
Long, grown near Clarksburg. 

One notes that in all three years the seed ]:)roduced by the first two 
orders of umbels was somewhat better than that produced by higher 
orders. In 1930, when the germination of all orders was exception- 
ally good, a difference still appeared between the germination of the 
first two and the last two orders. Although the means of orders 2 
and 3 differed by only 5.1 per cent, the probable error of their dif- 
ference was only ±A7, a fact which indicates that the difference is 
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significant. In a year like 1929, when germination was much lower, 
the difference is more striking. 

TABLE III — Germination of Carrot Seed from Umbels of Different 

Orders 


Per cent Oerniiiiation 


Year 

Order 1 

Order 2 

Order 3 

Order 4 • 

1929 

73 

07 

54 



1930 

94 

75 

93 

88 

85 

1931 1 

74 

05 

69 


Why do Carrot Seeds Fail to Germinate 

Germination tests of carrot seeds are usually I'un for about 2 
weeks. Most of the seeds that germinate during this time do so in 
the first week ; during the second, the number germinating is much 
smaller. Often, at the end of 2 weeks, most of the ungerminated 
seeds are still firm and in apparently good condition. A large num- 
ber of seeds of this type have been split lengthwise and examined 
with' a binocular microscope. Nearly all have a firm endosperm of 
the usual size. The embryo of vsuch seeds, however, is almost never 
fully developed and is sometimes so small as to be scarcely visible. 

Many of these seeds may eventually germinate if given sufficient 
time, as shown in unpublished work of Miss Cole (2). She ran a 
large number of tests for the usual 14-day period ; then, instead of 
discarding the ungermtnated seeds, she kept tlienrin the germinator 
for several months. In 87 lots of seed which she kept in the ger- 
minator for an average period of 5 months, she succeeded in raising 
the mean germination from 60 per cent, at the end of 2 weeks, to 78 
per cent at the end of 5 months. The figures indicate that many of 
the under-developed embryos described above will eventually mature 
if the seed is kept in the germinator long enouglL An important 
cause of low germination in carrots, therefore, appears to he dor- 
mancy resulting from immature embryos. 

Investigations for the purpose of improving the yield and quality 
of carrot seed are being continued. One phase of this work .consi.sts 
of breeding investigations. Most of the breeding work done hereto- 
fore has been concerned with quality of the roots, and little attention 
has been given to those characters, such as seeding habits, which do 
not express themselves until the second year. A second^iase of the 
work is concerned with the effect of various cultural practices on the 
size and quality of the seed crop. 
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Some Factors Influencing the Reproduction of Shallots 

By J. M. Jenkins, Jr., and Julian C. Miller, Louisiana 
State University, Baton Rouge ^ La. 

'pHE shallot, Allium ascalonicmn Linn., is grown to a limited ex- 
tent in the United States, chiefly, in Louisiana, which ships sev- 
eral hundred cars yearly from the district extending from Baton 
Rouge down the Mississippi River valley to New Orleans. During 
the fall and winter of 1930-31 approximately 1,000 cars (including 
shallots shipped in cars of mixed vegetables) were shipped from 
this state. 

The true shallot, upon reaching maturity, produces bulbs which 
are dull white in color and which usually weigh up to 15 grams, 
probably averaging 6 to 9 grams. The bulbs are attached at the 
base, forming a cluster (or clone) which may consist of from 2 to 
20 bulbs. 

Little experimental work has been done with shallots up to the 
present time. Due to their growing importance as a truck crop in 
Louisiana, it was desired to obtain information on the following 
points: (1) the influence of length of storage upon subsequent stool- 
ing and seeding; (2) the influence of size of bulb planted upon subse- 
quent growth of the plant; (3) the influence of planting date of 
bulbs upon subsequent growth characters; (4) whether or not 
there is a difference as to character of stooling and seeding of dif- 
ferent strains; and (5) the value of clone selection as a method of 
isolating desirable strains. 

The results given in this paper ai*e from one year’s experiments 
which were begun in the fall of 1930 and are being continued at 
this time. 

Shallot bulbs were held in cold storage at a temperature of 40 de- 
grees F. for periods' of 15, 30, and 60 days respectively, and were 
then planted in the field. 

Bulbs stored for 60 days at 40 degrees F. went to seed in 30 days 
less time than did those not stored, and in 12 to 19 days less time 
than did those stored for shorter periods of time. It was noted 
that plants from bulbs stored for 30 to 60 days were less vigorous 
and made less vegetative growth than did those from bulbs which 
were not stored, or which were only stored for a short period of 
time. 

That the size of the bulb planted has an effect upon the subse- 
quent growth of the plant can be seen from the results given in 
Table I. 

There was a constant increase in the size of the plants directly 
proportional to the size of bulb planted. The larger sized bulbs 
produced more plants per bulb and the plants were also taller and 
had more leaves than did those from smaller bulbs. It was interest- 
ing to note that at maturity the plants grown from the two smallest 
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sized groups of bulbs weighed on an average from to 2 pounds, 
while those from the two largest sized bulbs weighed from 3 to 
pounds. Large sized bulbs produced 38 to 58 pei^ cent more seed- 
stalks than did the smaller bulbs but they also produced twice as 
many marketable sized plants. 


TABLE I — Comparison of Plants Grown from Bulbs of Different Size, 
70 Days After Planting 


Weight of Bulbi 
(Grams; 

Ave. No. Plants 
from Each Bulb 

Ave, No. Leaves 

Ave. Height of 
Plants (Inches) 

Under 3 

2.14 

5.6 

9.55 

3 to C 

3.25 

6.6 

10.40 

6 to 9 

4.07 

6.9 

11.13 

9 to 12 

5.14 

6.4 

11.74 

12 to 15 

6.31 

6.2 

12.60 

Over 15 

7.40 

6.3 i 

13.06 


^Seventy bulbs of each size were planted. 


Shallot bulbs were planted at intervals of IS days from October 
29, 1930 until January 9, 1931. Those planted in October, Novem- 
ber, and the first part of December produced marketable sized 
plants in January and February, while those planted in January 
never reached a marketable size. This was due to the fact that 
seed-stalks began to develop on March 16, before the plants reached 
a height of 6 inches, and shortly afterward they began dying down. 
It was noted that all of the plants went to seed within eleven days 
of each othe;' (March 5 to 16). Those planted in October showed 
seed-stalks in 127 days, while those planted in January developed 
seed-stalks in 66 days. 

Three strains of shallots were planted for comparison of growth 
characters. The chief difference observed was in the length of 
time before seed-stalks appeared and the number of seed-stalks 
produced. Strain No, 1 went to seed in 99 days but the other two 
strains did not seed until 28 days later. Strains Nos. 1 and 3 went 
to seed 100 per cent, but strain No, 2 produced 98.3 per cent seed- 
stalks. Strain No. 2 besides developing less seed-stalks also pro- 
duced more vigorous and iarger plants than did the other two 
strains, and the mature bulbs were larger. 

Forty clones, or clusters, consisting of from 5 to 15 bulbs were 
separated and planted in individual rows. Observations were made 
of the performance of each clone. It was noted that all of the 
plants from any one clone went to seed within two or three days of 
each other, but different clones varied considerably in the length 
of time before seed stalks developed. Plants from clones Nos, 27x\ 
and 28A produced seed-stalks in 92 days, while clone 5 A did not 
seed for 140 days, a difference of 48 days. All the plants from 
clones Nos. 29A and 31 A were badly diseased, being infected with 
Botrytis cinerea^ but plants from other clones appeared to be free 
from disease and were healthy and vigorous. 
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Seven plants from one clone emerged from the ground, but all 
died before developing further. Besides the differences already 
noted above it was seen that plants from different clones also showed 
considerable difference in size of plant, color of foliage, and num- 
ber of bulbs developed. 


The Carbohydrate and Nitrogen Metabolism in Celery 
as Related to Premature Seeding 
By H. Platenius^ Cornell University, Ithaca, N. F. 

Abstract 

The complete paper is to appear as a memoir from Cornell University Agri- 
cultural Experiment Station. 

'J'HE carbohydrate and nitrogen metabolism was studied in celery 
plants in connection with the tendency to form seed stalks. At 
frequent intervals, samples were taken fi'om plants which during the 
early stage of growth had received different temperature treatments. 
It was concluded that the composition of the* plants, particularly the 
carbohydrate-nitrogen ratio, has no casual relation to seed stalk devel- 
opment at a later stage. Changes in chemical composition associated 
with premature seeding of celery must be considered as the effect 
rather than the cause of a change in the type of growth. The data 
thx'ow some light on the carbohydrate and nitrogen metabolism of 
normal plants. 



Some Factors Affecting the Color and Thickness of 

Onion Scales 

liy J. E. Knott, Cornell University, Ithaca, N, Y. 

Q ROWERS experience difficulty in raising onions which will meet 
market requirements on certain muck deposits in New York. 
The onions develop well as far as size and yields are concerned, but 
fail to show the degree of pigmentation that the buyers demand. The 
outer bulb scales are thin and shed readily as the onions pass over 
the topper and grader. Not only are these dry scales thin, but they 
are just faintly colored. If these pale yellow or greenish bulbs are 
held in storage for some time a fair degree of pigmentation will show 
in the next scales which dry. However, much of the onion crop is 
not stored by the growers, but sold to dealers who object to buying 
these pale-colored bulbs. Thus, there is often 25 to 50 per cent of 
the crop which must be thrown away or sold at a distinct loss. 

Not all of the muck in any given area produces poorly colored 
onions nor do all the bulbs in a field show poor pigmentation to the 
same degree. 

Many ideas are held by growers as to the cause, but some of these 
are quite contradictory. A few of the beliefs wdiich appeared worthy 
of further study ai-e : better color resulting on muck longer under cul- 
tivation, if well fertilized ; better color on wetter muck ; better color 
following well fertilized and sprayed celery or potatoes; and better 
color when the oil-bordeaux spray is used for onion maggot control. 
The problem has been attacked in several different ways, a preliminary 
report on one of which is given here. 

Muck was obtained at Canastota from an area which producevS 
poorly colored onions, and from a place near]:)y where the color is 
good. These are referred to hereafter as poor- or good-color muck. 
Each lot was well mixed and placed in wooden 1)oxes 14x14x14 
inches inside measurement. The inner surfaces were coated with 
paraffin. The boxes of good-color muck contained 87 i)ounds, the 
others 80 pounds. The boxes were brought up to weight every third day 
or oftener by the addition of distilled water through a glass cylinder 
which reached to the bottom. The water content of the surface 5 
inches was kept at 125 per cent of the dry weight of the muck except 
for three boxes which were kept at 190 per cent. 

Analysis of the two mucks showed that the good-color muck had 55 
per cent more total ash content than the other. The good-color muck 
had much more SiOa, K 2 O, S, Fe 203 , and AlnO», but less CaO, and 
MgO than the poor-color muck. There was slightly more P2O5 in the 
good-color muck. The soil reaction of the good-color muck was pH 
5.45 ; of the other, pH 5.65. The fertilizers indicated in Table I were 
incorporated with the surface 4 inches of muck. Each treatment was 
set up in triplicate. Eighteen Ebenezer sets were planted in each box 
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November 7, 1929. • The photoperiod was kept at 15 hours by the 
use of 100-A\'"att plain glass Mazda lamps suspended 3 feet above 
the muck, 

TABLE I — The Effect of Various Treatments on the Thickness of Scale 

OF Onions 


Box 

Treatment at acre rate 

Thickness of First Inclusive Scale Midway 
up the Side of the Bulb 

No.i 

1 


(Millimeters) 


Poor Onion Color Muck 


1 

1000 lbs. of 2 - 8-10 

0.0211 ± 0.0011 

2 

1000 lbs. of 2 - 8-10 

0.0224±0.0021 

3 

1000 lbs. of 2 - 8-10 

0 . 0211 ± 0.0011 



4 

1000 lbs. of 2 - 8-10 plus 

•0.0223 ±0.0018 

5 

50 lbs. CUSO 4 

0.0269 ±0.0003 

6 


0.0233 ±0.0010 

7 

1000 lbs. of 2-8-10 plus 

0.0244±0.0017 

S 

50 lbs. MnS 04 

0.0247±0.0005 

9 


0.0266 ±0.0007 

10 

1000 lbs. of 2-8-20 

0.0224 ±0.0016 

11 

1000 lbs. of 2-8-20 

0.0227 ±0.0005 

12 

1000 lbs. of 2-8-20 

0.0224 ±0.0006 

13 

1000 lbs. of 2-8-25 

0.0258 ±0.0005 

14 

1000 lbs. of 2-8-25 

0.0239 ±0.0005 

15 

1000 lbs. of 2-8-25 

0.0255 ±0,0007 

16 

1000 lbs. of 8-8-10 

0.0229 ±0.0005 

17 

1000 lbs, ofS-8-10 

0.0283 ±0.0017 

18 

1000 lbs. of 8-8-10 

0.0220 ±0,0008 

19 

1000 lbs. of 2-8-10 with H 2 O at 

0.0241 ±0.0010 

20 

190% of dry weight 

0.0241 ±0.0009 

21 


0.0235 ±0.0002 


Good Onion Color Muck 


22 

1000 lbs. of 2-8-10 

0.0300 ±0.0005 

23 

1000 lbs. of 2 - 8-10 

0.0351 ±0.0011 

24 

10001bs.of2-S-10 

0.0371 ±0.0003 


The onions were harvested April 2, 1930. The thickness of the 
first complete dry scale was measured with a micrometer midway up 
the side of the bulb. The results are given in Table L 

None of the treatments had any effect on the color. While there 
are slight differences in thicloiess of scale, none of those on the poor- 
color muck approached the thickness of the scales of the good-color 
muck bulbs. These latter had a fair degree of pigmentation. 

In this experiment the phosphorous applications were not varied, 
A test for phosphorous made by the ''Hi-lo-phos'^ method at the end 
of the experiment showed a striking difference in favor of the good- 
color muck. 



TABLE II— The Effect of Fertilizer Treatments on the Color and Thickness of Scale of Muck-Grown Onions 


320 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 



o 



cs 

0 

t I 
iP''i ss 
■s w i'S s 

c(J 




•Ml 

■ Os ft 

■ sj p o 

• t/i m m f 
. CO 50 ® 

1 -^ rH rH W 
'•W 

o o o o 

5»0 0 

^ 0 :| -St* 


ps CX Os Oil 

oqoo 00 00 00 

ft r«< ft rH 

ci c!| c!| cJ| 

rH rH rH rH rH 
-04 CO CO CO CO CO 



iMean values were calculated for material grown in each container, separately. 
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More muck was obtained from the same genei'al locations in Octo- 
ber, 1930. The soil reaction of the good-color muck was pH 5.14; of 
the other, pH 5.36. Oil drums were cut in half, cleaned and coated 
with asphalt paint. Each container was equipped with an automatic 
watering system to maintain a constant water level. It required 180 
])Ounds of good-color muck to fill one of the cans to the same level 
as did 170 pounds of poor-color muck of the same water content. The 
surface inch of muck in each drum was removed, the fei'tiiizers indi- 
cated in Table II mixed with the next 4 inches of soil and the surface 
layer replaced. Each treatment was in duplicate (A and B). Thirty 
Ebenezer sets were planted in each can October 31. The photoperiod 
was the same as in the previous experiment. On November 11 the 
phosphorous test showed a gradient with those cans receiving the 
heaviest application of superphosphate to be about on the same level 
as the good-color muck. The crop Avas harvested March 19, 1931. 
The thickness of scale was measured as before and the approximate 
average color of the onions from each treatment was determined by 
comparison with Ridgway's standards. ..The data are given in Table 
ri. Increased quantities of phosphoi’ous have madq thicker scales and 
have improved the quercetin content. Thei'e is no indication that cop- 
per sulphate has had any appreciable effect. 

The top 8 inches of soil in each can was removed and mixed 
thoroughly. The same fertilizer applications were mixed with the 
muck as ])efore, except in the case of cans 5 and 11 which received 
450 pounds of 16 per cent superphosphate an acre in addition to the 
fertilizer, instead of 300 pounds. On March 20, 35 Ebenezer sets of 
the same lot as used before were planted in each can. On .A.pril 22 
the same relative phos])horous contents were found, l)ut all cans 
showed more than in the test made in the previous Noven\ber. The 
crop was harvested July 16, 1931. The results are given in Ta])le II. 
The duplicate cans have given very close average thickness of scale 
data in most cases. The phosphoric acid again has increased the thick- 
ness of the scale in proportion to the quantity supplied. Likewise the 
color has been improved. In this experiment the copper sulphate 
produced striking results, giving the l)est color and scale thickness of 
any of the treatments. It would appear that the SO-pound and 100- 
pound applications of the first and second experiments were inade- 
quate to give the desired effect on this muck. 

The effect of very heavy applications of muriate of potash and of 
superphosphate were tried on the muck at Elba in 1931. This muck 
had been cleared in 1929 and used for a crop of lettuce, followed by 
turnips in 1930, during which time it had received 50 pounds an acre 
of copper sulphate and two applications of 600 pounds each of 5-10-5 
fertilizer. The l)asic fertilizer for 1931 was 1000 pounds of 16 ])er cent of 
superphosphate and 300 pounds of muriate of potash an acre. About 15 
pounds of copper sulphate an acre were used in the oil-bordeaux 
spray. Extra superphosphate was applied to half a square rod at the 
rate of 4500 pounds to the acre. A similar sized plot received 1720 
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pounds of extra muriate of potash an acre. At liarvest 50 consecu- 
tive bulbs were pulled near the center of each of tlie above idots 
and on an adjacent area receivinj»' only the basic fertili/er. 1'he color 
was [jest where the phosjjhoric acid was a|)|)lie(L Hie jiotash did not 
improve it over the Ijasic fertilizer. 1'he tliickness of scale was as 
follows : 

Basic fertilizer 0.02r)5 ± O.OOOSO mni. 

Basic fertilizer + extra K 2 O .... 0.0302 ± 0.00140 mm. 

Basic fertilizer + extra • 0.044<S ± 0.00105 mm. 

A .slightly better color was olitained 1)y the use of 100 ])oui'^ds of 
copper sulphate to the acre on a plot of muck in ( )runge C’ountxc I1ie 
Smitli-Canastota Company havS been successful in getting onions to 
grow better, with also some improvement in scale color, on the muck 
at Chittenango by using 40 pounds of monoh\’drate cop]XM* sulphate 
to an acre. Idle onions are sonietimos rotiited with potato(‘s wliicli are 
sprayed very heavily with Bordeaux thus adding more co])per sul- 
phate. lA'uian Porter of Elba obtained a noticeable dilTerence in the 
color of onions where for 2 years he had applied 33 jjounds of 20 per 
cent monohydrate copper sul^ihate dust an acre, compared h) the color 
of the onions on adjacent untreated jjlots. Another grower in tlie 
Elba muck area did not observe any imiirovement in pigment pro- 
duction following an application of 75 pounds an acre of copper 
sulphate crystals. 

Those growers who make four or more applications of the oil- 
boi’deaux spray for the control of onion maggots are adding at least 
24 pounds of copper sulphate to the acre. This spray is ap]>liecl 
directly to the small plants. Thus the concentration of the copjjer 
sulphate available to the roots is greater than if this quantity were* 
broadcast over the area. 

Felix (1) found that the quantities of copper snljihate needed to 
correct the rabbit-ear condition of lettuce on muck in the Elba, ar<‘a 
varied considerably on different jdots of muck. Tin* same is probably 
true in the case of onion .scale color and explains why tlu‘ results 
have varied in the cases mentioned. 

No explanation is offered at thi.s time of the nn.xle of aetion of the 
constituents of the copper 8ul])hate, or of thc‘ sitpcrph(JS|)hat(‘ in 
affecting the production of thicker scales and incixNascHl ((uantities of 
quercetin. 

Litrraturk Citki) 
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Premature Seedstalk Formation in Table Beets 

(Preliminary Report) 

By Emil Chroboczek,'* Cornell University, Ithaca, N. Y. 

^HE fact that exposure to relatively low temperature (40 to 50 de- 
grees F.) in the early period of growth is the primary factor of 
premature seeding was clearly demonstrated by Thompson (1) with 
celery, and Boswell (2) and Miller (3) with cabbage. In a pre- 
liminary experiment in 1930, the writer obtained a similar indication 
for beets. In this experiment, plants started in the greenhouse and 
exposed to relatively low temperature for 30 days in the cold frame 
before transplanting to the field formed a considei‘able percentage of 
seedstalks. 

In the fall of 1930, a greenhouse experiment was started in order 
to study under more adequatel}" controlled conditions the question of 
premature seeding of beets. The object of this experiment was to 
study (1) the effect of age of the plants at the time of exposure to 
the cold temperature on seedstalk formation ; (2) the influence of 
tem])erature on the plants after the cold treatment ; and (3) the re- 
sponse of the cold-treated and of the check plants under long and 
short daylight conditions. 

Plants for this experiment were started in a medium tempera- 
ture greenhouse (60 to 70 degrees F.) on the following dates: Lot I, 
August 28: Lot II, September 7 ; Lot III, September 17: Lot IV, 
September 27: Lot V, October 7; Lot VI, October 17. Seed was 
sown in flats, the plants were transplanted into flats and spaced 2 
inches x 2 inches, and later shifted into 6-inch pots. 

On November 1, one-half of the plants of each age were traUvS- 
f erred into the cold part of the greenhouse where the temperature 
was kept al)ove 40 degrees F. and, if the outdoor temperature per- 
mitted, l)elow 50 degrees F. The plants were exposed to these condi- 
tions until Deceml)er 12. During this period the daily temperature 
on 30 days averaged from 40 to 50 degrees F., the rest of the time 
alcove SO degrees F. 

On December 12, the plants exposed to this cold temperature and 
the check plants of six different ages were placed in three different 
sections of the greenhouse, where the temperatures were as follows : 
in the cool house between 50 to 60 degrees F., in the medium-tempera- 
ture house 60 to 70 degrees F., and in the warm house 70 to 80 de- 
grees F. In each house, 20 plants of the treated and 20 of the check 
plants of each age were grown under the natural daylight conditions, 

^The writer wishes to express his appreciation to Dr. H. C. Thompson, under 
whose direction this work was conducted. He is also indebted to the Council 
of Polish National Fund of Education and Ministry of Agriculture for the 
granted fellowship which enable his studies in the United States. 
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and the same niunher of plants under long daylight conditions, 
using here 5 hours (from 5 to 10 ]). ni. ) of additional electric light, 
furnished by 75- watt Mazda lamps sus]>ended 29 inches above the 
greenhouse bench, and 29 inches apart. Seedstalk formation was re- 
corded at 7-day intervals. 'Fhe results nlitained in the cool h<nise are 
given in Table 1. 


TABLE I — Cool TEiMPERAXURE House (50 to (50 DEOREiis F.) 


Number of Seed Stalks Formed Until 


Jan. 

Feb. 

Feb. 

March 

March 

April i 

May 

May 

26 

10 

31 

7 

21 

n 1 

2 

24 


Cold- treated Plants, Under Long Daylight Conditions 


I 

1 

13 

20 

— 

— 

— 


II 


9 

17 

20 

— 

— 

...... 

Ill 

... 

10 

14 

20 

— 


— 

IV 


5 

15 

20 




V 


2 

12 

18 

20 

— 


VI 


5 

13 

20 

— 




Check Plants, Under Long Daylight Conditions 


I 

-- 

— 

2 

11 

18 

20 


II 


— 

1 

11 

17 

20 

— 

Ill 


— 

1 

5 

15 

20 

— 

IV 


— 

— 

3 

13 

20 

— 

V 


— 


2 

8 

20 

— 

VI 

- 

— 

— 

1 

7 ■ 

20 

— 


Cold-treated Plants, Under Short Daylight Conditions 


I 


■ — 


5 

10 

18 

20 

II 


— 

— 

7 

12 

17 

20 

Ill 

- 

— 

— 

6 

8 

17 

20 

IV 

- 

— 


(> 

K 

10 

19 

V 

- 


. — ’ 

3 

7 

15 

19 

VI 


— 

— 

2 

3 1 

19 

10 


Check Plants, Under Short Daylight. Conditions 


I 

- 

— 

— 

1 

1 

() 

15 

19 

11 

- 





7 

17 

20 

Ill 



, — 

...... 


•1 

19 

20 

IV 


— 


2 

3 

4 

17 

20 

V 

- 

— 


— 


1 1 

12 

20 

VI 

- 

— 

— 

— 


1 

13 

20 


In the cool house, all plants (480) except one went to seed; wliile 
in the warm house, where the light conditions were the same but the 
temperature ranged 20 degrees F. higher, not a, single seedstalk de- 
veloped. 

The results from the medium temperature house are presented in 
Table 11. The results obtained in this experiment brought out several 
interesting points. In the cool temperature house all plants went to 
seed, even those which were started and grown several weeks in the 
medium temperature house and which were not subjected to the cold 
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treatment. This indicates that even a temperature as high as 50 to 60 
degrees F. is able to cause premature flowering in beets if the plants 
are exposed to it long enough. However, exposure to the relatively 
low temperature (40 to 50 degrees F.) hastened the formation of 
seedstalks. Further, these data check with the results obtained by 
Munerati (4), and Magruder (5) indicating that the beet is a long- 


TABLE II — Medium-Temperature House (60 to 70 Degrees P.) 


Lot No. 


Number o£ Seed Stalks Formed Until 


Feb. 2 


March 7 


April 4 


May 2 


Cold-treated Plants, Under Long Daylight Conditions 


I 

1 

11 

14 

14 

11 

1 

15 

16 

16 

Ill 


8 

12 

12 

IV 

- 

7 

12 

12 

V 


2 

8 

8 

VI 



3 

3 


June 14 


14 

16 

12 

12 

8 

5 


Check Plants, Under Long Daylight Conditions 


I 

II 

in 

IV. 

V. 

VI. 


3 

1 


2 

1 

1 


Cold-treated and Check Plants, Under Short Daylight Conditions 
No Seed Stalks Formed 


day plant. It does not flower during the short winter days under the 
normal daylight conditions; however, the use of 5 hours of a weak 
additional electric light shortened ])y 33 days the time required for 
seedstalk formation. 

In the high temperature house not a single seedstalk was formed, 
regardless of the previous cold treatment of the plants and of the 
daylight duration. In these conditions the temperature 70 to 80 de- 
grees F. was the factor preventing the plants from flowering, while 
in the cool house it was the shortness of the natural daylight in Janu- 
ary and first part of February. The results of this experiment indi- 
cate that for flowering of the beet plant both proper temperature 
and sufficient daylight were necessary. 

If, however, the seedstalks started to form in the cool house and 
if they were transferred into the high temperature, they elongated 
here much faster and reached the full blossoming stage about 4 weeks 
earlier than those left in the cool house. The plants growing in the 
cool house, however, produced taller and thicker seedstalks. 

The results obtained in the medium tenq^erature house indicate 
that 60 to 70 degrees F. was high enough to decrease markedly the 
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percentage of seeders of the cold treated plants grown under the long- 
daylight conditions, especially of the younger plants, and nullify en- 
tirely the effect of the cold treatment of the jdants grown under nor- 
mal daylight. On the other hand, a few of the chc'ck ])la,nts ])roduced 
seed stjilks under the long daylight conditions. Tliis ex|R‘riinent is 
to be repeated. 

Results obtained under di if event light and teinpin-aturc* conditions 
indicate that these two factors of the environment may control the 
vegetative development and flowering of the hect. Another ex,am|de 
of the influence of the environment on the direction of the de\'elo])- 
ment was obtained in the following experiment : In the fall, 1930, 
two plants bearing stalks which had not reached the flowering stage 
were transferred from the ik^ld into the greenhouse. (3ne of them 
was placed in the cool house iiiuler long daylight conditions, the <ither 
was kept first for several weeks in the warm house and later in the 
medium temperature house under normal daylight conditions. The 
plant in the cool house produced new seedstalks from the top of the 
one formed in the field the year before, and was in full hlosstini at 
the end of March. The plant in the medium temperature house dt*- 
A^eloped vegetatively, having formed on the top of the old stalk ( 12 
inches high) an enlargement about 2]/ inches in diameter, resemldi ng 
in shape the regular beet ‘Toot/’ 

Another question, to which attention was given, was the influence 
of freezing on the seeclstalk formation, Bartos (6) pul )]i shed in 1923 
the results of a greenhouse experiment where he ascrilied the fortna- 
tion of seedstalks in sugar beets^ ranging in different lines from 19 
to 100 per cent to the less than 1 hour exposure of the |)lants to tlie 
temperature of — 2 degrees C, On the other hand, we have evidences 
from the experiments with celery (1) that freezing delays or e\'en 
prevents seedstalk formation. 

The writer had conducted an experiment witli freezing of diliereiU 
lots of beets with the following results: (1) there was no influence* 
of freezing on the plants grown before and after the fn »st tn‘alnuMU 
in the medium temperature; (2) ])lants, howcuan*, whicli wma* started 
in the medium temperature house and exposed for 2 months in ilu* 
temperature ranging from 40 to 50 degrees F, and then frozen, formed 
seedstalks about 5 weeks earlier and in slightly higher j)erc,entage than 
the plants with the same cold Ireattneut, hut not sulijccted to freezing, 
and (3) plants grown liefore and after the frost treatment in tin* 
cool house were delayed in seedstalk formation if they were markedly 
injured by the freezing treatment. 
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Self -Sterility and Fertility in Garden Beets as Indicated 
by Seed Production under Paper Hugs 

By Roy Magrudkr. (/. 5. Dcparhucni of AgncHUiaw 
lVasIiinf/to}i, D. C/ 

IN a previous paper (1), l)asecl on n relatively small nuvnher of 

plants, it was shown that since some beet plants set a reasonable 
percentage of seed under glassine bags, the bags themselves had little 
if any deleterious effect on fertilization. 'Flie data also showed con- 
siderable variation in the ])ercentage of flower chisters producing 
germinable seed but the presence of a numl,)er oi |)lauts that set seed 
on 5 per cent or more of the bagged flower clusters indicated the ])os- 
sibility of isolating lines that were highly self- fertile. 

The present paper ])resents data covering a larger nnml.)er of plants 
grown during 1930 from roots the seed for which came from t\v<\ 
plants selected from the Detroit Dark Red variety and grown in close 
proximity in an isolated location. The mother roots were planted in 
the field during the latter part of May and the hags attached during 
the latter part of July, 

The main inflorescence of the plants was tied to a strong string 
which in turn was supported 1)y stakes |>laced at intervals in the row. 
The individual bags were also su]:)poi’ted by this string but tied to it 
in such a way that they were free to move a limited extent in all 
directions. Cotton was wrapped around the stem of the enclovsed por- 
tion of the inflorescence at the point of attachment of the bag to pre- 
vent the entrance of pollen-bearing insects. One or more branches of 
the inflorescence, depending upon the size of the bag, were enclosed 
in each bag, the tip. of each inflorescence being first removed to limit 
the amount of growth in the bag. 

Several different sizes of glassine bags w^re used but the innniter 
of each on the plants which produced seed, was so small that no consist- 
ent differences were noted in the results obtained. A f(‘w 12-|>ound 
brown manila bags were also used and ap])earecl to he fairly satis- 
factory, The greater nuniher of the Imgs were 2 inches widt* when 
flat and varied in length from 5.5 to 12 inches. Previous work indi- 
cated that narrow bags resulted in a better set of seed, prol^ably Ijc- 
cause of better pollination. Bags 5.75 inches wide and 8 inches long 
(commonly used in fruit tree pollination studies) and some 8 inches 
wide by 17.25 inches long were also used in smaller numbers. All 
were of medium weight glassine with moisture proof seatns and flat 
ends. 

In order to enhance the chance for pollination, the bags were vigor- 
ously shaken just before of after noon each day during the blooming 
period. 

^Formerly of Ohio Agricultural Experiment Station, Wooster, Ohio, 
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The bags were allowed to remain on the plants until the entire con- 
tents were dry. Only the intact bags were gathered and stored until 
the count of blossom clusters was made. All blossom clusters contain- 
ing one or more ovaries that had visibly enlarged were removed and 
each counted as a single “seed'* although it may have contained as 
many as five true seeds. In some cases the enlargement of the ovar\^ 
was slight and the presence of a viable embryo doubtful but these 
were included in the count in order to obtain all the viable embryos. 

Germination tests were made in soil in the greenhouse during 
April 1931. All available “seed balls" of each plant up to a maximum 
of 25 were space planted and a record kept of the number of seedlings 
emerging from each “seed ball.*' 

Results 

A tabulation of the results sho\vs that a total of 142 plants had one 
or more bags intact at harvest. Of this number, 116 plants carrying 
an average of 2.48 bags each, wdth an average of 260 flower clusters 
per bag, produced no enlarged ovaries. The range in number of bags 
per plant w'as Ir to 11, and the range in number of flowers per plant 
under bags was from 70 to 3072 with an average of 668. 

While one would hesitate to draw definite conclusions concerning 
the self -sterility of plants on which only one bag containing appfoxi- 
mateh^ 200 flower clusters was intact, the fact that other plants 
under similar conditions gave fair sets of seed, would support the 
belief that if not completely self -sterile they were highly so. If the 
33 plants in this class (only one bag intact) are included with the 
others having more than one bag per plant which failed to set seed, 
a total is reached of 81,6 per cent which appeared self-sterile. 

The remaining 18 per cent (26 plants) produced one or more 
flower clusters in which at least one of the ovaries had become suffi- 
ciently enlarged to indicate the possible presence of a viable embryo, 
As shown in Table I, 4 of the 26 produced only one such cluster and 
in 11 plants less than 1 per cent of the clusters on each plant were 
visibly enlarged. Subsequent germination tests showed that 5 of 
these 11 plants failed to produce any seedlings. Eight of the twenty- 
six plants which produced enlarged ovaries, or an additional 5.6 per 
cent of the total number, failed to produce any seedlings. Thus a 
total of 87.2 per cent of the plants involved in this test failed to per- 
petuate themselves. This is a higher percentage of sterility than was 
found in 1927 and 1928 (1). 

Of considerably more interest to the plant breeder is the remain- 
ing 12.8 per cent of the plants that indicated at least partial self- 
fertility by their capacity to produce viable embryos under glassine 
bags. Of particular interest are plants numbers 49, 72, and 84 in 
which more than 27 per cent of the enclosed flower clusters set seed. 
Not only was the percentage set high but the percentage of germi- 
nable seedballs and number of seedlings per germinable seedball, and 
per seedball planted, was also high. In two of these plants, 72 and 
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84, all intact bags contained seed balls, and in the third plant, 4!>, four 
out of five bags contained seed balls. All of whicli indicates that tliese 
j)lants were highly self-fertile and ca|)al)le of ])roducing a sufficiently 
large progeny to satisfy tlie reciuirenients of most |)lant l)reeders and 
geneticists. 


TABLE I — The Production and Germination of Gardion Bhict Sei*.d Under 

Paper Bags 


Plant 

No. 

[ Number of Bags j 

[ Flower Clusters | 


1 Number Seedlings per 

1 Intact 

With 

Seed 

' Total 
No. 

With 

Number 

1 Seed 

Per cent 

Gcrminable 

Seedbulls 

(leininalile 

Scedl>rdl 

Seedball 

Planted 

22 

3 

2 

855 

7 

.82 

28.5 

1. 00 

.28 

23 

4 

2 

1212 

3 

.24 

0.0 

.0 

.0 

26 

4 

3 

1856 

10 

.53 

90.0 

‘2.00 

1.80 

29 

4 

2 

1705 

90 

5.01 

62.0 

1.76 

1.66 

30 

3 

2 

824 

33 

4,00 

31.2 

1.30 

.40 

39 

3 

1 

2180 

10 

.45 

71.4 

l.SO 

1.28 

49 

5 

4 

754 

328 

43,7)0 

89,0 

1.'.)4 

1.73 

68 

3 

3 

704 

19 

2.69 

73.6 

1.35 

1.00 

71 

4 

3 

826 

123 

14.89 

78.6 

* 1.49 

1.13 

72 

4 

4 

1076 

291 

27.04 

94.0 

1.73 

1.63 

73 

4 

2 

1334 

06 

4.94 

59.2 

1.31 

,77 

83 

1 

1 

310 

15 

4.83 

93.3 

1.7S 

1.66 

84 

4 

4 

668 

220 

33.83 

91,7 

1.96 

1.80 

95 

2 

1 

182 

5 

2.74 

0.0 

.0 

.0 

99 

4 

1 

554 

13 

2.34 

15.3 

1.00 

.15 

110 

3 

1 

768 

1 

.13 

0.0 

.0 

.0 

117 

1 

1 

172 

8 

4.65 

0.0 

.0 

.0 

124 

2 

1 

282 

IS 

6.38 

22.2 

1.00 

.22 

125 

2 

1 

402 

1 

.24 

0.0 

.0 

.0 

128 

3 

1 

672 

2 

.29 

50.0 

2.00 

1.00 

130 

4 

1 

666 

1 

,15 

0,0 

.0 

,0 

133 

7 

2 

2904 

20 

.68 

10.0 

1.00 

.10 

142 

2 

1 

218 

5 

2.29 

40.0 

l.OO 

.40 

155 

2 

1 

206 

2 

.97 

0.0 

.0 

.0 

163 

3 

1 

340 

1 

.29 

100.0 

1.00 

1.00 

179 

2 

2 

346 

6 

1.73 

0.0 

.0 

.0 

116 Plants 

298 

0 

77501 

0 

0 

0 

0 

, lb 


Attention should also be called to the fact that there was a tendency 
in the self -fertile plants to produce more than one viable embryo ]Hn' 
seedbalL Three seedlings per seedball was not imcominon and the 
high average of plants 49 and 84 was due to several four- and five* 
embryo ‘'seed balls/' 

Discussion 

In view of the recently published work of Archimowitsch (2), some 
doubt is raised as to whether the seeds produced under the glassine 
bags in this experiment were actually pollinated with pollen from the 
same plant or with pollen from other neighboring plants. Archimo- 
witsch found in 1927-28 that 16.7 per cent of the seedlings produced 
from seed grown under glassine were hybrids. In 1928-29 the ]>er- 
centage of hybrid seedlings was 37.6. 
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He explains the presence of these hybrids ;by assuming that they 
were the result of fertilization by pollen which had fallen on the 
spike before it was covered with the parchment bag. By dipping the 
spikes or branches of the inflorescence into tobacco extract in order 
to destroy plant lice and incidentally any pollen that might be present, 
he was able to reduce the percentage of h}1irid seedlings in two later 
experiments to 6.7 and 5.4 per cent. 

Discarding the idea of the possible oversight of faulty bags and 
assuming the complete elimination of ungerniinated pollen, makes 
necessary the assumption that these hybrids were the result of pollina- 
tion and subsequent fertilization which took place before the wetting 
of the spike. This raises the question of the relative age of the flower 
at which pollination can take place. According to Charetschko-Saw- 
itzkaja (3) beet pollen will germinate on stigmas and fertilize flowers 
6 days before they would normally dehisce. 

It should be stated that in the present experiment the spikes were 
not w’et before bagging and at least a portion of the bags were put on 
after an abundance of pollen was present in the air. It is entirel}^ 
possible that a portion of the viable embryos produced under bags in 
this experiment were the result of cross pollination but the absence 
of any viable emliryos on 87 per cent of the plants grown under the 
same conditions would seem to indicate that the conditions for cross 
pollination previous to bagging and immediately following Avere not 
as favorable as in the Russian experiments cited. Since these plants 
were all of the red fleshed type and had not been reduced in vigor by 
inbreeding it was not possible to detect hybrids in the resulting 
seedling plants. 

Recognition and verification of this source of error will increase 
the apparent percentage of self-sterility in previous work of this type, 
decrease the percentage of true self-fertility and make more pertinent 
the isolation oE truly self-fertile individuals for breeding and genetic 
work. 
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The Successful Pollination Period of (hirden Beets, 

Beta puh/aris 

T^v Roy MACRiroKR, U. S. DcpartmenI of Jtiriculhtyc, 
IVaskimiton, l>. C.‘ 

AS a part of the general ])rul)leni of plant l>ree(Ung technique with 
the garden beet and in order to expedite the work (»1 selling or 
hybridization, it seemed desirable to determine the maximum length 
of time that beet flowers would remain rece|)tive. 

In attacking this problem, two methods of procedure were iol- 
lowed. On certain jdants the central or terminal llovvers were enuiscu- 
lated in all the clusters that would normally open ( anthers dehisce) 
the next day : and the lateral or basal flowers were removed hy pincli- 
ing them off with line pointed tweezers, 'Phc* apical portions of the 
spikes were removed and the emasculated flowers were then co\erc‘(l 
with a glassine bag, cotton l>eing wrajiped around the stem of the 
plant at the point of attachment to prevent the entrance of pollen- 
carrying insects. A few flowers were pollinated each day, usually in 
the afternoon, with a mixture of ])ollen from several ])lants applied 
with small camehs hair brushes. Jewelers* small palter tags were at- 
tached to each flower. 

In the second method the flt)we.rs that o])ened on the current day 
were either pollinated or removed and all the central flowers that 
would open during the following 4 to 7 days were emasculated and 
the basal flowers removed. As soon as the first iinemasculated flower 
or flowers at the distal end of the spike opened, the bag was removed, 
all flowervS were pollinated with pollen collected from several i>lants 
and the bags replaced. 

In calculating the date on which the various flowers would liavc 
opened, it was assumed that flowering ]>roceeded at a uniform rale. 
Thus, if over a period of 5 days, 15 flowers opened, it was assumed 
that 3 opened each day and this figure was used in determining 
date of opening of each emasculated flower, 'i'his method of calcu- 
lation is admittedly only an approximation as blooming stitdies showed 
that the number of flowers opening or dehiscing each day varied ac- 
cording to weather conditions, position on the platit and between 
plants within a variety. 

It should also be pointed out, that emasculation and removal of the 
lateral or basal flowers from a cluster is a very tedious and difficult 
task to perform without irreparably injuring the^flowers, No d(juht the 
lower percentage of enlarged ovaries in the emasculated flowers was 
partly due to injuries sustained during emasculation, liable I shows 
that emasculation alone materially reduced the percent set when com- 
pared wi th flowers on the same spike that were not emasculated. 'Fhe 

^Formerly of Ohio Agricultural Experiment Station, Wooster, Ohio. 
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removal of the basal flowers was probably more severe than emascu- 
lation. 

Because of the great amount of time required, it was possible to 
work on only a rather small number of plants and the data are there- 
fore limited in extent. 


TABLE I — The Effect of Emasculation of Beet Flowers on the Set of 

Seep 


Plant 

1 Emasculated j 

Not Emasculated 

No. 

No. Flowers 

Per cent Set 

No. Flowers 

Per cent Set 

1 

54 

90,7 

11 

100.0 

2 

.54 

90.7 

2 

lOO.O 

3 

55 

72.7 

11 

81.8 

4 

39 

25.6 

29 

75.8 

11 

36 

86.1 

33 

93.9 


1927 Results 

The 1927 work was conducted in the greenhouses of the Depart- 
ment of Vegetable Crops of Cornell University. The Crosby Egyptian 
variety was used. The plants began Iflooming the last of April 

On plant No. 1, three flowers were pollinated the same day (in the 
afternoon) that the anthers dehisced and all three produced a normal 
size seed. Two of the three seeds germinated when planted 2 years 
later. Three flowers that were pollinated 1 day after they woul<^,Jiaye 
opened normally, j>rodiiced two enlarged ovaries but neither germinated. 
Two days after opening one flower was pollinated but it did not 
“set” seed. Three days after opening six flowers were pollinated and 
none set seed. Three were j^ollinated 4 days after normal opening 
and none set seed. Four were pollinated 5 days after opening and 
none set seed. These results would indicate that pollination the same 
day that anthers dehisced was successful in accomplishing fertiliza- 
tion but that it could not be delayed longer than one clay after opening. 

On plant No. 2 a total of five flowers located on four different spikes 
were pollinated the same day that the anthers dehisced. All five set 
seed but only two germinated. A total of 42 blossoms that wcitikl 
have opened over a i^eriod of 7 days on the four spikes were also 
emasculated. Only two produced seed and these were not over one 
day from dehiscence and may possibly have dehisced (if not emas- 
culated) the same day pollinated. 

Plant No. 4 had a total of 16 flowers on 4 spikes' that were polli- 
nated the same day they opened and 14 of them set seed. One out 
of two that were pollinated one day after opening, set seed. Others 
were pollinated at daily intervals until 5 days after opening but none 
of the.se set. Emasculated flowers numbering 104 on 4 spikes that 
would have opened over a period of 8 days, when pollinated on the 
ninth day, produced only two seeds and these were of the eighth day's 
bloom (only one day old). 
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1928 Results 

The 1928 experiments were carried out in the gardens oi the ( )hi(.) 
Agricultural Ex])erinient Station during the last two weeks of July 
and the hrst week of .\ugust. 

(3ne plant of the Extra Early Egyptian variety on which 5 flowers 
were pollinated tlie same day they opened prodttced only two good 
seeds. None of the 31 emasculated flowers whicli dcneloiKMl during a 
period of 8 days |)roduced any seed. 

Another plant of the same variety produced no s(,‘ed fnun four 
flowers pollinated the same day they o])ened, or from the 15 emascu- 
lated flowers which matured during a ])eriofl of hve days. 

A Crosln- Egyptian plant produced four seeds from four flowers 
that were pollinated on the same day they opened. ( )f the emascu- 
lated flowers which dcvelo])ed at the rate of three* each day o\*er a 
period of 7 days, two that were 1 day old, three (100 per cent) that 
were 2 days old, one that was 3 days old, and one that was 4 days 
old vSet seed. 

Another Crosby Tig\'ptiau j)lant set seed on four out of six flowc‘rs 
that were jDollinated the same day th<y' ofiened. It also set seed on 
three out of four emasculated flowers that were [lollinated 1 da>' aft(*r 
dehiscence, and the same proportion on the 2-day old flowers. 

One Early Blood Turnip plant set seed on two out of four flowers 
that were pollinated the same day they o[)ened. None of the emascu- 
lated flowers set seed. 

An Early Eclipse plant produced seed in all of the four flowers 
that were pollinated the same day the anthers dehisced, but none of 
the 13 emasculated flowers that developed over a period of 4 days 
and were pollinated at the end of that time. 

Discussion and Summary 

Emasculation without the removal of the basal liudvS oi t^ach flower 
cluster reduced the percentage of flowers which prodiice^I seed. As 
pointed out above^ the injury due to removal of tlu* linsal flowtu's 
may have been pai'tially respoirsilfle for the low set of 8(‘ed from tlu* 
flower clusters so treated. Since the sijce of flowers varies sonimvliat 
from plant to plant and lietween varietie.s, it is conceivalile that sonu‘ 
plants or varieties are more susceptiWe to injur\' than others wliicli 
might be advanced as one reason for the varial)le results o))tained. 

Although the number of flowers and plants involved is small, tin* 
evidence from the greenhouse grown plants would indicate that at 
least a part of the emasculated flowers pollinated in the afternoon of 
the day following dehiscence might be expected to |)rodtice germinable 
seed. The Ohio experiments would extend this period of receptivity 
to 2 and perhaps 3 days under garden or field conditions. 

The fact that 81 per cent of the flowers that were pollinated during 
the afternoon of the same day in which their anthers dehisced, set 
‘seed, would seem to indicate that pollination 4 to 7 hours after de- 



MAC, ruder: pollination of beets 


335 


hiscence results in fertilization. This contradicts the belief expressed 
in many early books on the beet, that pollination did not take place 
until the following or second day after dehiscence but supports the 
work of Van Heel (2) and Ai*tschwager (1) who have shown that 
the embryo sac is sufficiently mature at the time of dehiscence that 
pollination and fertilization may theoretically take place immediately. 
Archimowitsch (3) working with sugar beets, found that the greatest 
percentage of emasculated flowers produced seed when pollinated at 
the time of emasculation. Charetschko-Sawitzkaja (4) carried on 
experiments extending in both directions from the time of emascula- 
tion (probably the day before normal dehiscence) and found that 
buds emasculated and pollinated as long as 6 days befoi’e blooming 
would produce a small percentage of germinable seeds, and that poh 
i nation could be delayed from 8 to 9 days after blooming and still 
produce a small percentage of viable seeds. The greatest percentage 
of germinating seeds was produced by pollination on the third day 
following emasculation. Pollination at the time of emasculation re- 
sulted in an 81 per cent germination of the resultant seeds. 
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Some Effects of Wounding Onion Biilhs on 
Seed Production 

By A. L. Wilson, Ulah State .Ujricultural Callctje, l.oijan. (Hah 

gOON after it was fuiiml that certain Utah soils atal tlie i.’lah 
climate were well ada]‘)ted for the growin,t» of Spanish onions, 
several growers underto(,)k to produce see<l of the Riverside Sweet 
Spanish variety. This was necessary to sup])lcmcnt the limited sii]>- 
plies of seed of this variety then availalde and to make certain needed 
improvements in the variety as it then existed. In some respects tliesc* 
first atteui]:)ts did not prove successful, in onU‘r to im|:)rove the keep** 
ing cpiality and still retain the large .si/.e, the largCvSt an<l hardest hiilhs 
were selected for ]>ro])agating stock. It was found that tiie l>(‘st of 
these bulbs either failed to grow or did not greav until loo latc‘ to 
produce a seed cro]). Main' of those which did grow produced only 
one or two unthrifty seed stems. lU'caiise of such conditions, tliese 
studies were undertaken by the author as ]:)art of the vegetable re» 
search program of the Utah Agricultural ttx]>eriment Station. 

MkTH()I>S 

Tlie [)rohlcm was attacked from two angles, namely, fall-planting 
of uncut bulbs and spring planting* of wounded bulbs. As soon as 
mature bulbs could be obtained in the fall, they were set in furrows 
which had been previously irrigated, and covered to a depth of about 
1 inch. The second method included the planting of wounded bulbs in 
early spring. Two types of wounds were made at first. A cut was 
made through the apex of the bulb in the longitudinal |)lane, about 
one-half the distance through the bulb. The second tyiie consisted of 
two such cuts at right angles to each other. These are designated in 
the discussions as “cut once'' and “cut twice, “ res])ectively. After th<‘ 
first year another type of wounding was included in the tests. This 
consisted of cutting away the to]j lialf of tlie lutll), according to the 
Spanish method, and jdanting only the lower half. All of thes<‘ 
methods were compared with uncut bulbs of the same parentagt*. 
Records were made of the percentage of stanch miinber of seed stems, 
and yield of seed. All plats were given clean cultivation and imivided 
with adequate irrigation. The soil wa.s a fine gravelly sandy loam 
containing a large amount of organic matter. 

During the last two months some preliminar>* chemical analyses 
have been made in order to find an explanation for tlie behavior of 
bulbs under the conditions of this experiment. 

The strain used in these studies was one that had lieen carefully 
and consistently selected for shape, firmness and color for five genera- 
tions. Each selection was a mass selection. All generations were rej>- 
resented in the field studies but only the jirogeny of the last genera- 
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tion was used in the chemical studies. For the chemical analyses 50- 
gram samples of both stems and bulb tissue were extracted with alco- 
hol in the usual manner. The master sample included from 23 to 30 
bulbs of approximately the same size and shape. 

TABLE I — Percentage Stand, Number of Seed Stalks, and Yield of Seed 
FROM Wounded and Uncut Onion Bulbs 


1925 1 

1926 1 

1927 

1928 

1929 1 

1930 1 

1931 


Cut 1 

100 
i 100 

Cut *2 

Tapped 

Uncut 

678 

225 

Pall 


Bulbs Planted 


100 

613 

776 

100 

626 

763 

100 

638 

809 

100 

597 

780 

328 

— 

— 


740 

890 

534 

740 

890 

634 

740 

890 

534 

740 

890 

534 

— 

— 

— 


Percentage Stand 


Cut 1 

81 

73 

95 

97 

94 

95 

Cut 2 

96 

82 

95 

99 

93 

95 

Topped 

— 

75 

97 

94 

91 

94 

Uncut 

83 

63 

93 

84 

93 

93 

Fall 

50 

IS 

— 


— 

— 


Average Number Seed Stalks per Plant 


Cutl 

3.96 

4.66 

4.00 

4.47 

— 

— _ 

Cut 2 

3.44 

4.30 

3.93 

4.36 

— 

— 

Topped 

— 

3.90 

4.00 

3.95 

— 

— 

Uncut 

3.67 

3.66 

5.08 

4.16 

— 

— 

Pall 

4,57 

4.80 

— 

— 

— 

— 


Ounces of Seed per Plant 


Cut 1 

.27 

.405 

.34 

.55 

.64 

.12 

Cut 2 

.33 

.400 

.345 

.56 

.56 

.12 

Toooed 

,30 

.32 

.42 

.33 

.10 

Uncut. 

.18 

.210 

.41 

.41 

.47 

.06 

Pall 

.61 

.44 





Ounces Seed per Seed Stalk 


Cut 1 

.070 

.087 

.086 

.12 




.065 

Cut 2 

.097 

.092 

.085 

.13 




.063 

Tooned 

.076 

.080 

.098 

... 


.057 

Uncut 

,049 

.060 

.070 

,100 

„ 



.048 

Fall 

. .132 

.091 


— , 

— 



Field Results 

Seven years’ results are now available, ’These data are briefly 
summarized in Table L Considerable difficulty was experienced in 
wintering-over the plants from the fall-planted bulbs. In 1925, SO 
per cent of the bulbs survived the winter, while in 1926 only 18 per 
cent of the l^ulbs were alive in the spring. The bulbs which sur- 
vived the winter produced the most vigorous plants, the largest and 
most vigorous seed stems, and the most seed per plant. Because of 
the hazard attached to over-wintering the bulbs, this phase of the 
work was discontinued after 2 years. 
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In 5 out of 7 years all types of wounded bulbs produced lari>-er 
yields of seed than the uncut bulbs. In 1927 the uncut bulbs were dis- 
tinctly superior to all others from the standpoint of seed production. 
In 1931 the uncut bulbs equalled the ‘‘cut-twice'’ and '‘topped” bulbs, 
but were lower in seed production than the “cut-once” liullis. Both of 
these exceptions are due to unfavorable weather conditions as related 
to the time of come-up of the plants, as will be shown later. 

The superior seed-producing ability of the wounded bulbs over the 
uncut bulbs is associated with several responses. Among these ma\' 
be mentioned: (1) Earlier conie-up, (2) better mature stand, (3) 
larger number of seed stalks, (4) larger seed production per plant, 
and (5) larger seed production per seed stalk. Each of these will lie 
discussed briefly. 

An examination of the data of Table I will show that while there 
is not a great deal of variation in the percentage of bulbs producing 
mature plants, the uncut bulbs as a rule produced the poorest stand. 
However, the differences in seed production cannot be accounted for, 
to any great extent, by the variation in stand. The average numlier 
of seed stalks also shows some variation. With the exception of 1927, 
the “cut-once” series had the largest average number of seed stalks 
per plant. The “cut-twice'" series was second, the “topped*’ series 
third, and the uncut in most cases was lowest in number of seed 
stalks per plant. Even these differences are not sufficient to account 
for the larger seed-yielding capacity of the wounded bulbs. Under 
favorable conditions for growth, the greater vigor both of leaves 
and of inflorescences of the plants from wounded bulbs is outstand- 
ing. Apparently, the wounding stimulates some physiological activity 
which results in this greater vigor. There is some indication that 
flower-bud differentiation is influenced by the wounding as reflected 
by the larger number of seed sterna per plant. 

There is a distinct difference in the date of come-uj) between the 
wounded and uncut bulbs. Boswell (1) presented data to show that 
transverse cuts in onion bulbs stimulated top growth and that wounded 
bulbs commenced to grow sooner than the unwounded ones. This 
observation is confirmed by the data of this study, as evidenced by 
the earlier “come-up*’ of the wounded bulbs. 

Table II presents the data for 1927 in respect to dates of growth. 
The bulbs were planted in irrigated furrows on March 26. By April 
19 a larger percentage of the topped bulbs were showing growth 
above ground than any of the other series and the uncut bulbs were 
showing the least amount of growth. The order of growth was in the 
same direction as the severity of wounding. By April 29, only 83 per 
cent of the uncut bulbs were growing, as compared to more than 95 
per cent of the wounded bulbs. But in 1927 the uncut bulbs produced 
the largest quantity of seed. It will be noted in Table II that on July 
7 there were fewer plants alive than on April 29, in all of the 
wounded series. The greatest mortality occurred in the most severely 
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wounded series (topped) and the least in the ''ciit-once” series. Some 
of the plants from the topped bulbs died nearly every year ; the vigor 
of the remaining ones was below that of the “cut-once’’ and '*ciit- 
twice’' series. It is probable that this is associated with a more rapid 
rate of decay. However, Boswell points out that cutting too close to 

TABLE II — Number of Bulbs Growing at Different Dates in 1927 


Treatment 

Biilbs 

Planted | 

Number Growing 

April 19 

April 20 1 

July 7 

Uncait 

597 

179 

498 

558 

Cut once 

613 

395 1 

587 

572 

Cut twice 

626 

485 

598 

557 

Topped 

638 

528 

619 

582 


the stem may cause injury. But in 1927 and in 1931 climatic factors 
also interfered with the growth response of the wounded bulbs. The 
1927 season was marked by severe freezes during the first half of 
April. All of the plants above ground were frozen. Since the wounded 
bulbs produced earlier plants, these series suffered most. Although 
relatively few of them were killed outright, those remaining were so 
reduced in vigor that they never fully recovered from the injury. 
The delayed growth of the uncut bulbs made it possible for them 
to escape this damage. On April 22, 1931, a terrific 3-day wind cut 
away all top growth by drifting sand. As a result, the earliest grow- 
ing series (the “cut-twice” and topped) were damaged, while the 
'‘cut-once'" and uncut series escaped most of the injury because of 
their delayed growth. As a result of these set-backs, the uncut bulbs 
outyielded all others in 1927 and equalled the ‘"cut-twhce” and 
“topped'* series in 1931. It is probable that after the first leaves are 
destroyed that the bulb is unable to produce a second equally vigorous 
growth. Rots will invade the wounded tissue more rapidly than the 
uncut and deplete the nutrient supply at an earlier date. 

Even in the unusual years of 1927 and 1931, the seed yield per seed 
stalk was greatest in the “cut-once” and “cut-twice** series, as shown 
by the data of Table I under the division designated as ounces of seed 
per seed stalk. This also suggests that the higher yields from the cut 
bulbs is probably due to increased vigor as well as to better stand 
and a larger number of seed stems per plant. 

Results of Chemical Analyses 

Some preliminary chemical analyses were made to determine if 
possible what changes in composition are associated with the behavior 
of wounded onion bulbs. One lot of bulbs was “cut twice” and kept 
in the laboratory for a period of ten days. A comparable lot was left 
uncut and kept under the same conditions as the wounded bulbs. 
Total and reducing sugar, soluble and insoluble nitrogen, and the 
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catalase activity were determined for both lots at 5- and 10-day in- 
tervals. Determinations were made for the stems and bulb scales 
separately. Some of these data are presented in Table III. 


TABLE III — Percentage Composition of Wounded and Uncut Onion Bulbs 
AT Different Dates (Dry Weight Basis) 


Treatment 

Per- 

centage 

1 

Percentage Sugar 

Percentage Nitrogen 

Catalase 

Activity 


Dry" 

Weight 

Total 

Reducing 

Non- 

reducing 

Soluble 

In- 

soluble 

Total 

C.C.Oa 
Evolved in 
5 Minutes 

Initial 
bulbs . . 

17.06 

39.0 

8.3 

Stems 

30.7 

0,95 

1.15 

2.10 

3.81 

Uncut 5 
days. . . 

18.7 

^34.0 

9.0 

25.0 

0.80 

0.95 

1.75 

4.21 

Uncut 10 
days. . . 

20.6 

37.0 

11.7 

25.3 

0.80 

1.00 

1.80 

4.06 

Cuts 
days. . . 

1 20.8 

32.8 

5.9 

26.9 

0.7.5 

0.90 

i 1.65 

3.83 

Cut 10 
days. . . 

20.8 

44.5 

9.3 

35.2 

0.75 

0.90 

1,65 

5.00 

Initial 
bulbs . , 

7.12 

] 

73.0 

Bulb Scales 

1 73.0 1 

1.35 

1.25 

2.60 

0.2930 

Uncut 5 
days. . . 

8.76 

60.0 

60.0 


1.05 



0.3280 

Uncut 10 
days. . . 

8.78 

94.0 1 

63.9 

30.1 

1.15 

1.05 

2.20 

0.2700 

Cut 5 
days. . . 

9.46 

87.0 

50.8 

36.2 

1.00 



0.7000 

Cut 10 
days. . . 

9.16 

92.0 

71.0 

21.0 

1.30 

1.16 

2.45 

0.6700 


Space will permit but a partial analy.sis of these data. They arc 
not entirely consistent in every respect, although they do indicate 
certain changes in the chemical composition of the bulbs. Since the 
variability in chemical composition was not determined the differences 
obtained inay be within the limits of experimental error, although the 
master samples were considered sufficiently large to overcome much 
of the variability. The difference in the composition of the initial 
bulbs and the ones remaining in the laboratory for 5 days uncut are 
no doubt due to the difference in temi^erature between the storage 
house and the lalioratory ; hence, the initial bulbs should not be com- 
pared with the cut bulbs after 5 and lO.clays. The differences in dry 
weight are not great after the first 5 days. This is due to the method 
of sampling. No exposed tissue was included in the samples from 
which dry weights were determined. At the 5-clay period there was 
a slight reduction in percentage of total sugars in the stem and an in- 
crease in the bulb scales, on dry-weight basis. At the 10-day period 
there was an increase in total sugars in the stems and a slight de- 
crease ill the bulb scales. In the stems the percentage of reducing sugar 
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was lower in the cut than in the uncut stems at both the 5- and lO-da}' 
periods. In the bulb scales the percentage of reducing sugar was 
lower in the cut bulbs at 5 days than in the whole bulbs, but at 10 
days it was higher. It is probable that parts of this inconsistencv' is 
due to the proix>rtion of outer bulb scales included in the sample. If 
only the inner bulb scales had been included different results might 
have been obtained. 

The percentage of both soluble and insoluble nitrogen was lower 
in the cut stems than in the uncut. The cut stems at five and ten 
days showed the same composition in this respect. Apparently, some 
of the changes in sugar content are associated with this decrease in 
total nitrogen. The data do not indicate any marked changes in the 
nitrogen content of the bulb scales due to wounding. 

The data on catalase activity, while inconclusive, do suggest that 
growth activities are greater in the cut bulbs than in tlie uncut ones. 
Boswell has already pointed out the probability that the differences 
in the response of onion bulbs to wounding is associated with the 
different rates of gaseous exchange in the cut and uncut Inilbs. 
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A New Method of Growing Cabbage Seed 

By Julian C. Miller, Louisiam State Uuwersify, Baton Roiige, La. 

JN most sections where cabbage breeding and seed growing is prac- 
ticed the plant is handled as a biennial. An exception to this is 
where the plants are given a rest period for 2 months at 40 degrees 
F. ( 1) and are then placed in a greenhouse for seed production. 

In connection with a cabbage breeding project the author was inter- 
ested in obtaining a considerable amount of seed from each of a num- 
ber of selections. Certain strains are leafy and do not form heads and 
for this reason do not lend theiti^ves to the cold storage treatment. 
Another disadvantage of the cold storage method for use in the South 
is that if spring-grown cabbage is placed in storage, it will have to 
remain there too long before it can be brought out and placed under 
conditions favorable for seed production. Fall-grown plants can be 
placed in cold storage for their rest period and brought out fox seed 
production in the spring. The only di^dvantage to this method is 
that, as a rule, there is a limited amount of storage space which can l>e 
used for such work. 
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For the past 2 years the cabbage plant from which seed was desired 
was grown in the open and treated as an annual The seed are sown 
during the latter part of July and through August. The plants are 
set to the field the last of August and through September. During 
November and December the desired plants are selected and the 
heads cut and examined for such characters as core height and 
size, compactness, color, and flavor. If the head is satisfactory, the 
stump together with the roots is transplanted to a seed plot where the 
rows are 4 feet wide. The plants are placed 3 feet apart in the row. 
Soon after this all the sprouts growing out from the stump, except four 
or five, are removed while small. During December and January the 
sprouts develop into compact rosettes which are leafy and will resist 
freeze injury better than solid heads. These rosettes have been known 
to withstand temperatures as low' as. 18 degrees F. The mean tem- 
perature at Baton Rouge, La., for December, January and February 
(52.3 degrees F.) is such that seed-stalk development is initiated. 
During February these rosettes develop into small heads about 3 
inches in diameter and remain in this condition until about the middle 
of March, when the seed stalks emerge. Seed from such plantings 
mature and can be harvested during late May and early June. 

The advantages of this method over those practiced in other sec- 
tions are that it affords a complete examination of each individual 
head character, and that with breeding work it is desirable to produce 
a large number of seed and to get at least one generation each year. 

In addition to being able to grow this crop in the open where con- 
ditions are more nearly ideal, it is also less expensive than growing 
the seed in the greenhouse. Where the type has been fixed aid where 
seed alone is desired, the mature heads may be sold for enough to 
cover the cost of practically all operations in growing the seed. 
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Effects of Ringing on Growth and Fruiting in the Tomato^ 

By C. E. Steinbauer, U. S. Department of Agriculture j 
Washington, D, C.' 

^HE practice of ringing, as a means of inducing fruitfulness in cer- 
tain horticultural crops, has been confined largely to woody 
plants, and only a limited number of ringing investigations on her- 
baceous plants have been reported: Daniel (1) worked with the to- 
mato and eggplant; Hedrick (2) with the chrysanthemum; Hedrick; 
Taylor, and Wellington (3) with the tomato and chrysanthemum: 
Broili (4) with the potato; and Kraus and Kray bill (5) with the 
tomato. In general these workers show^ed that ringing did not result 
in earlier flowering and ripening, larger size and yields of fruit, and 
better quality of product, although in a few cases some favorable re- 
sults were reported. 

The present investigation was undertaken to determine in more de- 
tail the effects of ringing tomato plants, on earliness of ripening, 
yields of ripe fruit, size of fruits, set of fruit, and on plant develop- 
ment and structure. The ringing was done by (A) removing a nar- 
row band of cortex, and (B) constricting with a thin wdre twdsted 
tightly around the plant stem. These treatments were applied at 
various stages of plant growth. 

JIateral and Methods 

Plants of the Bonny Best variety of tomato, started in the green- 
house early in March, were planted in the field at University Farm, 
St Paul, on May 20, 1929, and June 10, 1930. Plants were set 3 
feet apart in rows 4 feet apart. All plants in the experiment were 
trained to single stems, trellised, and topped off above the sixth truss 
in order to facilitate the taking of records and at the same time to 
gain the favorable advantages known to result from these practices. 

In the 1929 season, 10 treatments were used, namely : 

I. Plants not ringed — control. 

II. Constricted with wire before any flowers had opened. 

III. Constricted with wire after first flower opened on first truss. 

IV. Constricted with wire after first flower opened on third truss. 

V. Constricted with wire after first flower opened on fourth 

truss., ■ v" ' 

VI. Constricted with w^re 1 week after V. 

VII. Constricted with wire 2 weeks after V. 

VIII. Constricted with wire 3 weeks after V. 

^Published with the approval of the Director as paper number 1056 of the 
Journal Series of the Minnesota Agricultural Experiment Station. 

^Formerly of the University of Minnesota Agricultural Experiment Station, 
St. Paul, Minn, 
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IX. One-half inch ring of cortex removed after first llower 
opened on third truss. 

X. One-half inch ring of cortex removed after first flower 
opened on fourth truss. 

Constrictions and rings were applied to the stems in the region be- 
tween the soil surface and the first node above the surface. xA.nalyses 
of results obtained in 1929 showed that only results from treatments 
II, III, and X were significantly different from those of the control 
treatments, therefore, in 1930 only these three treatments were re- 
peated. 

In both seasons fruits were picked every second or third da,y, as 
soon as the fruit had assumed a red color over the entire surface. 
Picking dates and weights of individual fruits were recorded at each 
picking. 

For purposes of analyzing the data, the fruit idpening season was 
divided into 10-day periods. Numbers of plants on which data were 
analyzed for the treatments showing significant differences were as 
follows ; 



Treatment 

1929 

1930 

1. 

Control 

25 

53 

II. 

III. 

Constricted with wire before any flowers open. . 
Constricted with wire after first flower open on 

4 

30 

X. 

first truss : 

Ring of cortex removed after first flower open 

49 

26 


on fourth truss 

Results 

18 

53 


Changes in the structure and development of plants: Removing a 
half-inch ring of *'bark*’ as in treatment X, caused but very slight, 
if any, reduction in size of plants as compared with control plants. 
Constricting with a thin wire when flowering had begun on the first 
truss (treatment III) produced a noticeable, but not exce.ssive re- 
duction in size. With treatment II, however, where a wire constric- 
tion was applied before flowering had begun, extreme reduction in 
plant size occurred. Frequently plants so treated attained heights of 
less than 3 feet in the entire season as compared with control plants 
with heights of 4 to 5 feet attained early in the fruiting season. 

Use of wire constrictions early in the season (as in treatments II 
and III) resulted in an excessively high plant mortality due to winds 
breaking off the treated plants at the points of constriction. In the 
present experiment over 50 per cent of the original number of plants 
in treatments II and III were lost through such breakage. 

Both removal of bark, and use of a wire girdle caused enlargement 
of the stems immediately above the points of application. Such en- 
largements were considerably more pronounced v^ith wire constric- 
tions than with bark removal The ability of constricted stems to 
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‘'bridge’" the wire girdles appeared to be closely related to the time of 
application of the wires. Only a small percentage of plants con- 
stricted before any flowers opened, bridged the wire by the end of the 
season. Among plants constricted after flowering had begun on the 


TABLE I — Average Number of Tomato Fruits Set per Plant During the 
1929 AND 1930 Ripening Seasons 


Treatment 

Number of Fruits Set 
per Plant 

I. Control 

igzg 

29.7 

1930 

20.7 

II . Constricted with wire before anv flowers open 

22.0 

11.6 

HI. Constricted with wire after first flower open on first truss 

25.7 

19.2 

X. Ring of cortex removed after first flower open on fourth 
truss 

25.7 

22.3 


first truss, a much higher per cent of the plants formed complete 
calluses over the wires ; nearly all plants constricted after flowering 
commenced on the third truss readily completed such calluses. Com- 
plete bridging-over of w^ounds likewise occurred in at least 90 per 
cent of the plants ringed by the method of bark removal. 


TABLE II — Yields of Ripe Fruit per Plant During the Early Periods of 
the Fruit Ripening Season 


Treatment 

1929 

1930 

Mean Yield 
(Grams) 

Mean No. Prs. 

Mean Yield 
(Grams) 

Mean No, Frs. 


First 15 Days 

First 12 days 

I. Control 

II. Constricted before 

253±26 

2.1=fc.l 

291=1=23 

2.6=i=.2 

any flowers open. . . 
III. Constricted after first 
flower open on first 

0 

0 

232=h25 

2.8±.3 

truss, 

X. Ring of cortex remov- 
ed after first flower 

51 

.4 

162:1=19 

1.7=1= .2 

open on fourth truss 

i 280±34 

2.4±.2 

247=i=20 

2.6=i=.2 


First 26 days 

First 22 das^s 

I. Control 

II. Constricted before 

818db39 

6,8±,3 

569±33 

5.1d=.3 

any flowers open . . . 
III. Constricted after first 
flower open on first 


0 

422=4=32 

4.7db.4 

trass 

X. Ring of cortex remov- 
ed after first flower 

342dr28 

2.6±.2 

366±30 

3.3±.3 

openonfourthtrass 

723^41 

6.4d=.4 

406:4=23 

4.2=i=,2 


Two or three stems of plants from each of treatments I, II, III, 
and X, were sectioned with a sliding microtome, above, below, and 
in the immediate regions of the rings and constrictions. The sections 
were stained with safranin and light green as a means of differ- 
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entiating the structural regions, and were then examined under a 
microscope. Special attention was paid to the relative amounts of 
inner phloem. It was found that the amount of newly formed inner 
phloem was increased but very slightly, if at all, as a result of ring- 


TABLE III — Average Weights of Ripe Tomato Fruits for the 1929 and 1930 

Ripening Seasons 



Average Weights of Fruits 

Treatment 

(Grams) 


1929 

1930 

I. Control 

128.2 

112.1 

II. Constricted with wire before any flowers open .... 

144,8 

S9.2 

III. Constricted with wire after first flower open on 



first truss 

126.7 

121.8 

X. Ring of cortex removed after first flow^er open on 



fourth truss 

117.2 

104.7 


ing. This is in contrast to the work of Kraus and Kraybill (5) who 
‘Tound that the internal phloem within the girdled area had greatly 
increased in amount.” 

Effects of treatments on set of fruit: In 1929 the set of fruit was 
reduced with treatments II, III, and X and in 1930 the first two of 
the thi'ee treatments showed reductions while the third gave a slightly 
increased fruit set as compared with the control treatment. Table I 
shows the mean number of fruits set per plant for the two seasons. 


TABLE IV — ^Total Yields of Ripe Fruit per Plant 



1029 

1930 

Treatment 

Mean Yi^d 
(Grams) j 

Mean No. 
Frs. 

Mean Yield 
(Grams) 

Mean No. 
Frs. 

I. Control 

2836±101 

22.1=b.S ^ 

1667±(U 

14.9±.5 

II. Constricted before any 

flowers open 

III. Constrict^ after first 
flower open on first 
truss 

1267±127 

S.8±.9 

797 ±39 

8.9 ±.4 

1816±112 

14.3±.9 

1485 ±79 

12.2±.0 

X. Ring of cortex removed 
after first flower open 
on fourth truss 

2143 =b 91 

1S.3=1=.8 

1421 ±52 

13.6±.5 


Effects of treatments on earliness of fruiting: In Tal)le II the 
yields of ripe fruits per plant are given for the initial ripening periods 
of both 1929 and 1930. 

Examination of these data indicates that in no case was there a 
significant hastening of ripening due to the treatments used ; on the 
contrary, in most cases treated plants show delayed rather than earlier 
ripening. Similar results were found to hold throughout the re- 
mainder of the season. 

Effects of treatments on size of fruits: Average weights of ripe 
fruits for the two seasons are given in Table III. 
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Determinations of average weights of ripe fruits for individual 10- 
day periods throughout the ripening season, the data upon which are 
too voluminous to be presented here, indicated that the average size 
of fruits was somewhat increased in some of the later 10-day periods 
with treatments II and III. It is important, however, to notice that 
such increased size did not occur during the early part of the season 
when such increases are most to be desired. 

Effects of treatments on total yield of ripe fruit: In all cases the 
total yield of ripe fruit per plant was reduced by ringing or con- 
stricting the plant stems, and the reduction in yield was apparently 
correlated with time of ringing or constricting. The extent of the 
yield reductions can be noted from the figures presented in Table IV. 

Discussion 

The general conclusion of previous workers that ringing is a pro- 
cess of doubtful value w'ith herbaceous plants is clearl}' corroborated 
by results obtained in the present experiments. The slight gains ob- 
tained in some respects appear to be more than offset by harmful 
effects in others, and in some cases there seem to be no benefits 
whatsoever gained by the plant from application of the practice. 

One general theory of translocation, as commonly accepted, as- 
sumes that absorbed nutrients pass from the roots of the plant to the 
leaves chiefly through the more or less vroody xylem, while the assimi- 
lated food is translocated through the phloem of the inner bark. 
When plants are ringed, the upward movement continues, but that 
downvrard is checked and the top of the plant is thus supplied with 
an extra amount of food at the expense of the parts below the ring. 

Ringing has been successfully used on several species of woody, 
fruiting plants. Why is it then, that the practice generally fails to 
produce desired results when applied to herbaceous plants? The 
answer to this question probably lies more in the fundamental dif- 
ference in growth habit of the herbaceous plant than in any great 
difference in the nature of the response of the plant to ringing. 

Nearly, if not all plants on which ringing has been successfully 
used, are perennial in habit, and supplied with more or less extensive 
root systems ; all the herbaceous plants on which the practice has been 
tried are annuals with more or less restricted root systems which are 
developed during the same season as that in which the ringing is 
done. Use of ringing is never advocated on woody plants until they 
have become well established — ^never before the second season and 
usually later than this, depending, of course, upon the plant. This 
assures the establishment of at least a reasonably good root system 
with capacity for storing organic reserves. When such a woody plant 
is ringed the root system can continue functioning practically nor- 
mally even though assimilates from above are cut off by the ring, 
since it has reserves which will last for a time. Such is not the case, 
however, with the root system of the herbaceous annual ; it has had 
no such opportunity to accumulate storage products, nor is it fully 
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extended at the time of ringing. As a consequence, it is not only 
unable to extend itself, but by its limitation in size is unable to supply 
the top of the plant with nutrients sufficient for normal growth. 

Results of the present experiments indicate that the harmful ef- 
fects of constricting tomato plants with fine wire, result only when 
the constrictions are applied early in the season, up to the time flower- 
ing begins on the third flower truss. In ringing after this early period, 
the plants quickly form calluses over the narrow wires, and go on 
functioning much as if no constriction were present. In the present 
investigations no cortex rings were removed prior to the time flower- 
ing began on the third flower truss. Ringing immediately after this 
date, however, gave results not significantly different from those of 
the control treatment, due no doubt to the root system being fairly 
well formed, and to fairly rapid bridging over of the ring. It is not 
entirely clear why removing a ring of cortex after flowering begins 
on the fourth flower truss produces harmful results, but it is sug- 
gested that the somewhat more mature tissues are slower in forming- 
calluses over the wounds, thus inducing a temporary period of un- 
balanced nutrition in the plant. It should be noted, however, that the 
harmful effects are less severe in the latter case, than those resulting 
from early constriction with the thin wire girdles. 

The close relationship existing between nutritional conditions, par- 
ticularly carbohydrate and nitrogen nutrition, and fruiting in plants 
has been pointed out by numerous investigators. The general state- 
ment may be made that fruiting is associated with a condition of 
balance between the carbohydrate and nitrogenous constituents of the 
plant, and that ratios either excessively high or excessivdy low tend 
to produce an unfruitful condition. Limitation of the moisture supply 
has also been shown to cause unfruitfulness in the same way as a 
limited nitrogen supply. 

The ringed herbaceous plant is limited both as to its moisture, and 
to its nitrogen supply, as a result of the limitation of root area. This 
limitation will tend, in the first place, to limit vegetative extension, 
which in turn will mean reduced synthesis and delayed fruit ripen- 
ing. The setting of even a small amount of fruit will tend to further 
reduce the nitrogen available for vegetative extension since fruits re- 
quire large amounts of nitrogen and will tend to utilize it even at 
the expense of the rest of the plant. The carbohydrate-nitrogen ratio 
is further upset due to action of the rings or constrictions in prevent- 
ing downward movement of carbohydrates to the roots. We thus 
have developed a nutritional condition which Kraus and Kraybill (5) 
have shown to be unfavorable to fruiting. Results of the present ex- 
periment show that in all but one case ringing reduced the set of 
fruit. As would be expected, reduced total sets of fruit will result 
in reduced total numbers of fruits ripening, and likewise in reduced 
total yields. 

It is recognized that the above considerations may not entirely ac- 
count for the failure of ringing as a practice when used on her- 
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baceous plants. However, no one has published an explanation which 
would more satisfactorily account for this failure. 
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A Study of the Regions of the Tomato Fruit as Affected 

by Selection 

By E. C. Stair and J. H. MacGillivray,, Purdue University, 
Lafayette, Ind. 

T'OMATO varieties differ in the relative amounts of the separable 
regions (outer and inner wall, locular pulp, seed, and skin). The 
relative amount of wall material influences the appearance and thick- 
ness in tomato products and is an important quality characteristic from 
the canners’ standpoint. Thick walls tend to preserve the wholeness of 
the fruit from the time it is picked in the field until the can is o])ened. 
Percentage of solids indicated by refractive index affects the yield of 
manufactured tomato products as they are usually sold on a water 
free basis. 

Although it was realized that the relative amounts of the regions 
could be changed by hybridization it was considered wise to obtain 
some data relative to the effect of selection on these regions because 
if this method was effective it would be a mox’e rapid means of im- 
provement. 

The tomato fruits used for this study were grown in the field on 
a fairly fertile soil. The seeds from one individual fruit selected 
previously were planted in the same row. The fruits were allowed tc\ 
become red ripe before being harvested and no fruits were used that 
weighed less than 100 grams. The fruits used for study were selected 
from various plants in the row and were selected over the highest 
part of the production period. 

The fruits were bi ought into the laboratory and each weighed 
separately. The regions were then separated for study by using the 
method described by McGillivray and Ford (7). After separating 
and weighing the various regions the juice of the entire tomato was 
extracted by means of a potato ricer. The juice was filtered from the 
pulp. The refractive index of the juice from each fruit was tlien de- 
termined by means of an immersion refractometer. The refractometer 
has been found by Bigelow and Stevenson (4) to be a very satisfac- 
tory means for determining the specific gravity of pulj), and although 
it may not be as accurate for single fruits as for pulp it was found 
to provide a very rapid means for comparison of the individual fruits. 
The drying method would undoubtedly be more accurate than the re- 
fractive index but the time required prohibited the use of this method. 

The results found in Table I show in the first column averages of 
groups analyzed for the proportion of wall regions in 1928 and in 
the second column the selection made to be planted in 1929. Next is 
shown the averages of the regions for the seed planted in 1929 from 
which an individual fruit was selected for planting in 1930. A simi- 
lar method was followed in succeeding years with refractive index 
and waste. 
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In the case of John Baer, two selections were made for a high 
percentage of wall and one for low. The averages resulting from 
these selections indicate that the fruits regardless of selection move 
towards the mean of all the fruits and there seems to be no pro- 
gressive improvement. The selections made with the Indiana Baltimore 
gave similar results. No. 11 shows this same point can be illustrated 
b}' alternating the selection for a high and low percentage of wall. 


TABLE I — Wall Regions as Affected by vSelection 


Variety 

Ave. 

Wall 

192S 

Selection 

1928 
Planted 

1929 

Ave. 

1929 

Selected 

1929 

Planted 

1980 

Ave. 

1930 

Selected 

1930 
Planted 

1931 

Ave. 

1931 

1. John Baer 

72.5 

65.7 

69.8 

63.1 

71.1 

— 

— 

3. John Baer 

72.5 

76.2 

69.8 

84.7 

71.5 

79.2 

68.5 

4. John Baer 

72.5 

75.5 

70.0 

80.4 

73.3 

— 

— 

9. Indiana Baltimore. , . 

72.4 

75.5 

70.3 

78.4 

67.6 

— 

— 

11. Indiana Baltimore. . . 

72.4 

80.S 

65.6 

62.0 

68.0 

85.0 

61.9 

13. Indiana Baltimore. . . 

72.4 

67.S 

68.5 

66.6 

64.0 

56.8 

64.2 

14. Indiana Baltimore. . . 

72.4 

65.1 

74.0 

80.4 

70.6 

75.0 

69.1 

15. Indiana Baltimore. . . 

72.4 

62.9 

71.5 1 

59.1 

66.5 

— 

— 

18, Baltimore x Balti- 



1 

1 





more 

70.7 

69.9 

69.9 : 

68.4 

66,8 

67.2 

69.8 

21. Baltimore x Balti- 








more 

70.7 

78.2 

71.7 

78.0 

66.6 

— 

— 

2S. Baltimore x Balti- 








more 

74.3 

78.3 

72.0 

77,0 

69.2 

65,6 

65.5 

29, Baltimore x Balti- 








more 

74.3 

71.9 

71.9 

78.2 

67.3 

— — - 

— — 


From the individual fruits obtained from No. 14 in 1930, two selec- 
tions were made. One is given in Table I and the other, which had 
68.3 per cent wall gave an average of 64.3 per cent in 1931 as com- 
pared .to 69.1 for the higher wall selection. This might indicate a 
slight improvement from selection. 

In Table II the refractive index was obtained by use of an im- 
mersion refractometer. All readings taken at or corrected to 17.5 
degrees C. 

In Table II in the case of John Baer No. 1, the selections in 1928 
and 1929 were both made for a lower refractive index and in 1930 
the selection was made for a relatively high index. Here as in the 
case of selecting for wall, the average returned in the direction of 
the jnean. In the case of Indiana Baltimore the same results were 
obtained but it is of interest to point out in No. 14 where the selec- 
tions each year were made higher than the preceding, that it seems as 
though some progressive improvement was made over the 4-year 
period, yet during the last year a second selection having a refrac- 
tive index of 34.1 was planted and the average from this selection 
was 39.1 or -about as the selection made for high refractive index. 

In the Baltimore hybrids as shown in Nos. 18 and 21 where one 
was selected continually for high and the other continually for low, 
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the averages again returned in the direction of the mean for the 
group. 

In 1928, 595 fruits were separated into their various regions and 
the refractive index of each fruit taken. Two hundred and fifty-three 
determinations were made in 1929, 378 in 1930, and 147 in 1931. 


TABLE II — The Refractive Index of the Tomato Juice as Affected by 

Selection 


Variety 

Ave. 

R,L 

1928 

Selected 

1928 
Planted 

1929 

Ave. 

1929 

Selected 

1929 
Planted 

1930 

Ave. 

1930 

Selected 

1930 
Planted 

1931 

Ave. 

1931 

1. John Baer 

36.2 

34,3 

35.1 

34.5 

36.9 

39.0 

36.6 

3, John Baer 

36.2 

38.7 

35.8 

35.3 

35.6 

34.4 

37.7 

5, John Baer 

36.2 

37.9 

35.2 

31.4 

35.9 

— 

— 

6. Indiana Baltimore .... 

35.4 

38.8 

35.8 

35.6 

36.6 

— 

— 

9. Indiana Baltimore. . , . 

35,4 

41.7 

36.0 1 

35.6 

36.0 

— 

— 

13, Indiana Baltimore 

35.4 

33.8 

35.6 

39.0 

35.6 

35.4 

36.7 

14, Indiana Baltimore 

35.4 

30.6 

34.73 

35.9 

36.3 

38.3 

39.2 

18. Baltimore x Baltimore 

37.9 

34.0 

36.31 

34.6 i 

38.0 

— 

_ 

21, Baltimore X Baltimore 

37,9 

41.7 

38.0 i 

41.8 1 

37.8 

— 

— 

28. Baltimore x Unique . . . 

34.6 

38.3 

35.7 

36.1 

37.6 

37.4 

38.7 

30, Baltimore x Unique . . . s 

34.6 

30.2 

35.9 

33,0 

36.2 

39.4 

34.3 


A biometrical study of the results secured in 1930 showed that 
there is no positive or negative correlation between a larger per- 
centage of wall tissue and a higher concentration of the fruit juice. 

The data secured while making this study with 1373 individual 
tomato fruits seems to indicate very definitely that raising or lowering 
the percentage of wall tissue, changii^ the concentration of the f ruit 
juke, or altering the percentage of ' waste can be affected only very 
slightly, if at all by selection (1,3,4). 

It seems f)ossible that the lack of progress in selection may be due 
to the working within a pure line in the John Baer and Indiana Bal- 
timore varieties. However, as environmental conditions may affect 
the amounts of these regions it is also possible that environment is 
cstusing too much variation to effect improvement by selection. 
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Tomato Color as Affected by Processing Temperatures 

By John H. MacGillivray,, Purdue University, Lafayette, bid, 

JN canning factory practices of sterilization and concentration, to- 
mato products suifer a serious impairment ( 1 ) in the redness and 
brightness of the color, It is generally believed that the color pigment 
is easily oxidized and color changes are noticeably affected by this 
reaction. During the past season, experiments were performed in an 
attempt to obtain further information relative to color changes by 
subjecting tomatoes to treatments and measuring the resulting color. 

Color was measured by means of red, yellow, gray, and black discs 
intermingled in such a manner as to permit the exposure of different 
areas and rotated to produce a unifomi color. Certain auxiliary equip- 
ment was used to increase the accuracy of these determinations and 
the color was expressed in terms of color rating previously de- 
scribed (1), 

Tomatoes of as good color as obtainable were used, but the season 
of 1931 when these studies were made did not seem to have the cor- 
rect conditions for producing tomatoes of a bright (chroma) color 
while the redness (hue) was almost normal with previous seasons. 

There are several ways of removing oxygen from the cans, but 
unfortunately in all cases there are objections from the standix)int 
of color determinations and also it is customary to close a can with 
some headspace of air in the top of the can. It is believed that this 
work was performed under conditions such that the raw material 
had less oxygen than is usual under the best canning factory con- 
ditions. 


Temperature Effects on Canned Tomatoes 

Tomatoes were peeled and quartered, and each quarter placed in 
a different No. 2 can (584 cc.) and one teaspoon of salt was added to 
each can. The cans were closed on a small hand machine which does 
not produce as good seams as an automatic machine. One can was 
used immediately for color determinations after pulping and the 
other four were placed in controlled temperature water bath regu- 
lated at different times for the temperatures shown in Fig. 1. The 
cans were processed 1 hour with a teUiperature variation of about 
±.5 degrees C. The samples at 100 degrees C. in all cases were 
treated in boiling water. At the present time it is almost a universal 
practice to sterilize tomatoes by placing them in boiling water for 
about 30 minutes for No. 2 cans. It was not possible to obtain color 
analyses in as close agreement for canned tomatoes as for tomato 
juice. 

The graph in Fig. 1 represents the average results of six sampife 
each temperature. It is evident that there is a smaller color 
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ment at the lower temperatures and it is proportionally greater at the 
higher temperatures. These results are very similar to those found on 
tomato juice. 

These experiments were not planned for determining processing 
temperatures nor were they in sufficient volume to justify any recom- 



Fio, 1. Color changes in canned tomatoes as the result of processing in water 
for 1 hour at 70, 80, 90, and 100 degrees Centigrade. 


riiendations for a change in processing temperature. It was desirable, 
however, to determine roughly the probable sterilizing value of the 
temperatures mentioned above. Between September 11 to September 
26, 12 No. 2 cans were processed at each of the following tempera- 
tures, namely, 70, 80, 90, and 100 degrees C. Only one can showed 
spoilage, and it had l)een processed at 80 degrees C. One-half of the 
cans, which did not show any indication of spoiling when kept in an 
attic for 2 weeks, w^ere placed in an oven and incubated at a tempera- 
ture of 98 to 100 degrees F, for 10 days without any spoilage. 
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Temperature Effects on Tomato Juice 
A similai- set of experiments was performed with tomato 
juice obtained by pulping tomatoes through a screen with holes .045 
inch in dkmeter which removed skin and seeds. The juice was placed 
in No. 55 cans (246.6 cc.) and processed for 1 hour at the tempera- 



Fig, 2. Color changes in tomato juice as the result in water for 

1 hour at 60, 70, 80j 90, lOO, and 116 degrees Centigrade, 


tures shown in Fig. 2. The temperature of 116 degrees C. was ob- 
tained in a pressure cooker and recorded by maximum thermometers 
on the inside of the cans. All treatments were continued for a peticni 
of 1 hour. 

The curv^e shown in Fig. 2 represents the average of seven experi- 
ments and gives evidence that as the temperature is increased the color 
is more seriously impaired. The cu*ve becomes notic^bly steeper as 
the temperature is increased. It is difficult to express accuratdy'the 







356 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


average of the seven results obtained at each temperature because the 
initial color was not the same for all test lots. In five of the series 
the initial color varied from a color rating of 6.48 to 7.01, and the 
greatest variability was at 80 degrees C. where the maximum and 
minimum varied by 1.45; while the average for the extremes of the 
six teniperatux'es was but 0.85. 



Fig. 3. Color changes in tomato juice as the result of oxygen and nitrogen gas 
treatments in water bath for 1 hour at 60, 70, SO, and 90 degrees Centigrade. 


Effect of Oxygen and Nitrogen Gases on Tomato Juice 

In order to determine the importance of oxidation on tomato color, 
gas washing bottles containing 1(X) cc. of tomato juice were placed in 
the previous mentioned water bath and gas bubbled through them at 
the rate of about one bubble per second. Three samples were used at 
each temperature for the following treatments^' (i) no gas or air 
bubbled through sample, (2) pure oxygen gas bubbled through 
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sample, and (3) pure nitrogen gas bubbled through sample. The 
nitrogen gas was passed through alkaline pyrogallol before it was 
used. These treatments were continued for 1 hour. The curves in 
Fig. 3 represent the averages of five experiments. Oxygen gas treat- 
ment resulted in a decidedl}’’ poorer color at all temperatures than 
either of the other two treatments. The nitrogen treatment repre- 
sents as great a degree of exclusion of oxygen as it is possible to 
obtain without resorting to some mechanical method. 



Fig. 4. Color changes in good and poor colored tomato jmce as 
processing in water bath for 1 honr- Hesnlts plotted to show adti^ cofe iis 
result of treatment and also average change in color from tmtreated che& 
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The Effect of Temperature on Good and Poor 
Colored Juice 

These experiments were performed on samples of tomato juice 
which varied in the color of the untreated sample, and although the 
experiments were planned with different objectives in view, it is 
desirable and possible to study the effect of temperature as related 
to the initial color. Color ratings after processing at different tem- 
peratures w'ere averaged for four samples which possessed an initial 
color varying from a color rating of 7.41 to 8.52 as measured by 
spinning discs, and compared with five samples having an initial 
color rating varying from 6.48 to 7.01. The results of the average 
color changes due to different temperatures may be found in Fig. 4. 
Good colored samples seem to suffer a relatively greater color impair- 
ment than poor colored samples, although the final value of the former 
is still superior. Thus, this change is not of sufficient magnitude to 
eliminate the desirability of using good colored tomatoes. Further 
studies of this point are planned. 

Oxidation of tomato pigment results in a poorer color, but proc- 
essing temperatures have a similar effect independent of oxidation. 
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The Influence of Inbreeding Upon the Season of Maturity 

in Cabbage 

By O. H. Pearson^ University of Calif oniia, Davis , Calif. 

JN the spring of 1931, lines of Copenhagen Market cabbage inbred 
for several generations were compared with hybrids between them 
for earliness and plant weight. The seed for these trials was planted 
January 3, 1931, the seedlings set in 2j4-inch pots 3 weeks later, and 
from there into the field on February 22. Each row consisted of 30 
plants and was replicated as many times as plants were available. In- 
sofar as possible each hybrid lot was grown between the parental 
lines, for direct comparison and to nullify soil differences. Although 
the soil appeared to be very uniform, the check rows, which were 
placed at every tenth row, varied across the block as much as 10 days, 
or 4.5 times their probable error. These checks were highly variable, 
but there seemed to be a very distinct trend toward early and late 
maturing areas. 


TABLE I — Number of Days to Maturity and Total Plant Weight in 
Three Commercial Strains of Copenhagen Market Cabbage 


Strain 

Row 

Days 

Plant Weight 
(Grams) 

CM-2 

14 

l(>0.7dbl.27 

1740.0±60.0 


39 

104.4±1.77 

16(K?.9±46.9 


1 > 

108 9-fcl 08 

1375 0±58 1 


38 

103.2=fcl.30 

1676.7 ±39.2 


m 

93.5±1.69 

1S75,5±64.4 

CM-13 

12 

109.2d=1.41 

1S54.2±65.6 


40 

10.5.1 ±1.23 

i997.5±57.4 


62 

99.2±1.13 

2388.0±64.4 


As each plant came to maturity, as determined by the hardness of 
the ‘‘head,” the whole plant was pulled and taken to the field house for 
records. In many cases not all plants matured. The blocks were gone 
over every 2 to 4 days from May 17 until July 3, a harvest period of 
about 7 weeks. The high prevailing temperatures of late June caused the 
plants to cease growth, and several of the later lines were not har- 
vested, Season was considered as the number of days between plant- 
ing the seed and the harvesting of the plant 
Three lots of stock seed of Copenhagen Market typical of the strain 
were included and replicated several times. They are designated as 
CM-2, CM-3, and CM-13. They are approximately of the same sea- 
son of maturity, although the replications differ by several days in 
different parts of the field. In Table I are shown the number of days 
to maturity and total plant weight of these strains. Not all the ^ta 
can be presented in this paoer due to lack of space, but the results 
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TABLE III — Plant Weight in P, and Ft Lines 
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shown in the accompanying tables are typical. In Table II the number of 
days to maturity of the parents and their hybrids are shown, with 
the difference divided by the probable error, and the odds of signifi- 
cance. The mean and probable error were calculated by Bessel’s for- 
mulae, and the odds are taken from Pearl and Miner (7). 

From a study of the pedigrees, the crosses involving unrelated lines 
give an increase in earliness; as the degree of relationship becomes 
closer the difference between parent and hybrid becomes less. Thus 
the cross between 1-10-15-1-1-5 and 1-2-36-3-2-21 (cross No. 1) is 
about a week earlier than either of the parents, which happen to have 
about the same mean number of days to maturity. Similarly the un- 
related lines 1-2-36-3-2-21 and 1-6-8-7-2-D-2 form a hybrid (cross 
No. 2) much earlier than either parent. However, the hybrid between 
1-2-8-1-1-1 and 1-2-36-3-2-4 (cross No. 6) is of the same season as 
the parents. The hybrid 1-6-76-113 and 1-6-76-104 (cross No. 5) is 
almost identical in season with its parents. 

In Table III the total plant weights of these same parents and Fi 
hybrids are shown. In all except cross No. 6 the relations between Fi 
and parents are of the same order as in the table for season. How- 
ever, in cross No, 6, although the season remained the same as the 
parents, the total plant weight of the Fi hybrid was significantly 
greater. Table IV presents these results as difference of the Fi hybrid 
from the mean of the parents. Significant increases in weight are 
only evident in crosses Nos. 2, 6, and 6a and in season only in crosses 
Nos. 1 and 2. 

Earliness in plants may be either (1) genetic in nature, such as 
differences between strains or varieties, (2) the result of soil or 
climatic differences, or (3) the result of increased vigor in the plant 
due to either one or the other of the above reasons. Earliness as a 
character has been studied in rice by Jones (4) ; barley, Neatby (6) ; 
wheat, Stephens (8) ; peas, Keeble and Pellew (5) ; and oats, Caporn 
(I), Its inheritance has been found to be complex, apparently de- 
pendent on several factors, and quantitative in nature. In tomatoes, 
y and Jones (2) and Wellington (9), and in corn, Jones et al 

(3), increased earliness as well as increased yield has been found to 
be the result of crossing two varieties. In these cases earliness is ap- 
parently the result of the increased vigor of the Fi plant. In the 
crosses of cabbage, it could be expected that all three types would be 
represented. In crosses Nos. 1 and 2, the increase in vigor, as shown 
in JJable III is probably the result of hybrid vigor, or at least a pbr- 
ffoh' is since the odds are in the same direction. 

In cross bfoy in eariiness, which borders upon signifi- 

cance, is probably largely due to genetic reasons, since the increase 
in weight over the mean of the parents is not significant but the in- 
crease in earliness is almost significant (Table IV). In cross No. 2, 
the increase in size is accompanied by earliness and it is impossible 
to tell whether the earlier season of the hybrid is due only to vegeta- 
tive vigor or to a factorial combination. 
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In crosses Nos. 3 and 4, involving 1-4-61-1-8-11, the results are not 
so clear cut. This common parent was found to be very variable, 
possibly an F 2 from a contamination in 1929. The mean for the total 
weight is high and the line is also late. The hybrids in each case were 
intermediate both in total weight and season. 

Crosses Nos. 5 and 6 are examples of close crosses. Cross No. S 
is between sister plants; weight and season of the hybrids are the 
same as the parents. Cross No. 6 on the other hand is between two 
lines originating from the same parent, but separated by four genera- 
tions. In season, the situation resembles that in cross No. 5, "with no 
difference between parents and hybrid. In weight, however, a very 
different situation is found. The hybrid is significantly heavier than 
one parent, and possibly the other. These results would seem to show 
that in some cases season is a genetic factor, and is not simply a 
secondary expression of hybrid vigor. 

The influence of environment upon season is well known. The 
response of different plants to the same environment differs ; some 
plants are more sensitive to environmental changes than others. In 
crosses Nos. 3 and 6 there are, good examples of this difterential 
response, (Table II). In cross No. 3 the season of the hybrid in row 
30 is almost intermediate, whereas in row 60 the hybrid nearly equals 
the earlier parent. This portion of the field is earlier ground than that 
near row 30, as shown by the check rows 31 and 61, but the response 
of the hybrid to these conditions is much more marked than either 
parent. For the hybrid the difference is 10.0±2.46 days, for the check 
5.5±2.33 days, and for 1-4-41-15-2, 1.0±:1.23 days. Response to 
these apparently more favorable conditions is reflected, though to a 
less degree and probably with no statistical significance, in the weight 
of the plants. Even in this case, 1-4-41-15-2 increased 389.8ff:58.3 
grams, a significant amount. 

In cross No, 6, a difference in location of seven rows, 21 feet, 
causes no difference in season, and a very slight difference in weight, 
as shown mostly by the hybrid as a difference of 31S.9dz95.1 grams, 
which is not statistically significant. 

From these few data, it appears that season in cabbage is depend- 
ent in part upon genetic factors, and that hybridization with result- 
ing increase in vigor is not necessarily accompanied by an earlier 
time of maturity. Likewise, that environmiental differences do not af- 
fect all the strains in the same way, and that for a definite test, repli- 
cations together with check rows are very necessary. 
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Thresher Injury in Babj'^ Lima Beans 

By H. A. Borthwick, University of California, Davis, Calif. 

Abstract 

The complete paper wnll appear in the Journal of Agricultural Research. 

jgABY Lima beans are particularly susceptible to thresher injury. 

While part of this damage may be externally visible, very fre- 
quently the injuries are confined to the embryo itself and are not 
seen until the seeds are germinated. Sometimes the embryos may 
be so completely shattered within the seed that germination does 
not occur. In less severe cases the seeds germinate but the seedlings 
show defects of various kinds, such as bald-head and damage to 
cotyledons, hypocotyl, and radicle. Hand-shelled beans produce no 
seedlings of this type. It is possible, however, by mechanical 
shock to produce such injury in hand-shelled seed. 



Some Chemical and Physical Changes Observed in Green 
Lima Beans Subjected to Various Storage Conditions 

By R. L. Carolus, Virginia Truck Experiment Station, 
Norfolk, Va, 

'J'HE production of lima beans (Phaseolus lunatus ) , to be marketed 
in the immature shelled state, is of more importance in the South 
than in most . other sections. Large acreages are also grown for 
canning purposes. This paper presents some of the physical and 
chemical relationships observed in a limited number of bean samples, 
handled in various ways following harvesting. Comparisons are 
made of beans left on pulled vines, in picked pods, and in a shelled 
condition, under normal and cold storage temperatures. Data are 
also presented concerning the storage and handling of shelled beans 
in practically air-tight cellophane bags. 

Henderson bush lima beans, harvested at intervals from September 
10 to October 20 were used in the work summarized in this paper. 
Since it was impossible to use samples of like physiological or chrono- 
logical age, all white beans were carefuly removed from samples 
stored in a shelled condition, and a proportional amount, at time of 
sampling, from beans stored on vines and in pods. Beans on vines 
were stored in a shaded place in the open ; those in pods, in shallow 
baskets in the laboratory and in an electric refrigerator. Shelled 
beans in pans, and under anaerobic conditions in tied cellophane bags 
were placed under the same temperature conditions as those in pods. 
The temperature of the refrigerator varied from 0 to 2 degrees C., 
and that of the open storage from 24 to 30 degrees C. Humidity in 
the refrigerator varied from 50 to 60 per cent. No record was kept 
of the open storage humidity. Data on whitening, loss in weight, 
and spoilage were taken. 

Dry weight, total and reducing sugars, total polysaccharides, 
and total and insoluble nitrogen were determined on duplicate 50- 
gram samples as noted in a previous work (6). Starch was deter- 
mined on 100-mesh material essentially as outlined by Boswell (5). 
Crude fiber was determined on 40-mesh material as outlined by the 
official methods (14). To be comparable with other fiber determina- 
tions, percentages of fiber were adjusted to a 20-mesh basis by 
multiplying by the factor 1.13. This factor was found by dividing the 
amount found in a 20-mesh sample by that found in a 40-mesh 
sample of the same material. 

Results and Conclusions 

The results are presented in Tables I to V. Table I shows the 
relative weight of seeds based on weight of fruits (pods) under dif- 
ferent storage conditions. Although there are some variations in the 
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seed-fruit ratios, in general they remain fairly coiivStant. This fact 
justified the use of the fruit weight loss in estimating loss in weight 
of seeds stored in pods. 


TABLE I — The Effect of Storage Treatment on the Seed/Pritit Ratio of 

Green Lima Beans 


Ratio 

Temperature* 
(Degrees F) 

Rainfall 

(Inches) 

Storage Period 
(Hours) 

On Vines 

In Pods 
N.T.i 

In Pods 
C.T. 

24 

.435 

.612 

.446 

80.8 


48 

.401 

.447 

.360 

78.5 

.60 

72 

.466 

.450 

.444 

75.0 



iN.T. — Normal Temperature, C.T. — Cold Temperature. 
‘■iTemperattire average (mm. and max.) for 24 hour period. 


TABLE II — The Effect of Storage Treatment on the Per cent Loss in 
Weight and Whitening of Green Lima Beans 


Sample 

No. 

Storage 

Per 

cent 

White 

Seeds 

Loss 

in 

Weight 

Sample 

No. 

Storage 

Per 

cent 

White 

Seeds 

Loss 

in 

Weight 

Period 

(Hrs.) 

Condi- 
tion 1 

Period 

(Hrs.) 

Condi- 

tion^ 

At Time of Harvest 

Shelled Beans 

1 

0 

— 

8.66 

.0 

14 

16 

18 

20 

21 

24 

48 

72 

24 

48 

72 

N.T. 

N.T. 

N.T. 

C.T. 

C.T. 

C.T. 

44.58 

72.60 

10.02 

12.04 

13.67 

10,41 

16.40 

25.53 

3.74 

7.22 

12.03 

On Vines 

3 

5 

B 

24 

48 

72 

N.T: 

N.T. 

' M.T. 

, . . 

35.00 
29.54 

40.00 

■ 

Stored in Cellophane® 

In Pods 

22 

4p.c.“20 hrs. 

9.70 

.0 






23 

4p.c.-20-4N.T. 

16.52 

1.15 

.7 . 

24 

N.T. 

49.84 

4.9 

24 

2N.T. 

-46 

11.44 

1.25 

8 

48 

N.T. 

60.90 

22.3 

25 

2p.c.-46 

9.81 

.75 

' 9 

: 72 

N.T. 

73.20 

27.8 

26 

4p.c.-44 

10,03 

.75 

".V 

24 

C.T. 

18.26 

3.0 

27 

4p.c.-44-4N.T. 

15,00 

2.00 

11 

48 

C.T. 

8.00 

5.7 

28 

4p.c.-68 

17.79 

1.50 

12 

72 

C.T. 

15.95 

9.0 

29 

4P.C.-44-4N.T. 









-20 


20.95 

1.50 


lAbhreviations. N.T. — Normal Temperatures, C.T,— Cold Temperatures, p.c, — precooled. 
*AI1 sarqples stored under cold temperature conditions unless otherwise noted. 

Note: Normal Temperatures 24°-30®C. Cold Temperatures 


The data in Table II show that the greatest loss in weight in lima 
beans does not always occur during the first 24 hours as other work- 
ers (3,4, 11) have found occurring in some other vegetables. How- 
ever, the first day is responsible for the largest increase in white 
beans, which is partly accounted for by the largest and oldest beans 
being first to whiten. In whitening, the sprdut or germ end of the 
bean loses its chlorophyll first, a fact which may be correlated with 
its higher respiratory rate as pointed out by Bailey (2). The low 














TABLE III— The Effect of Storage Treatment on the Condition and Per cent Loss in Weight of Green Lima Beans 


369 


CAROLUS : 


STORAGE OF GREEN LIISEA BEANS 



1 

Condition 

odd 

>>>00000000000 


Oi 

o 

Loss in 
Wt- 

T-; cc t'-. o r-. c? o C<J t-h tc 

o t-h o o T-H c4 o 05 r-4 -ro Ti? 40 

T--^T-HCd'^'rh'^'^4f2404c:i4C4Cici 


p.c. 24 hours 
Cellophane 

Condition 

doo'd 

> > > > ^ ^ ’-h' 

e 

1 

Loss in 
Wt. 

CO ic oq CO O rc C5 'd CO I'-* 

COCOod-TflcfdDCOr^OCOSOi-H'rHO 

1—4 T— ^ 1 — ♦ r— < 

t 

H 

’d 

3 

% «u 

Condition 

d d d d . 

>>>>OP^fc<c^fefefcfe^i-: 



Loss in 
Wt. 

COtOCOCOC505t^C5»Zw:0'd^COt— < 

O* O O c<l c4 CO 'rji' 40 05 OC 05 O CO 

r— ( 


1 

Condition 

ddddf,; .... 


1 

o 

Loss in 
Wt. 

O CvJ CO CO 05 05 CO 05 CC 

1.—! T— I 


d 

g 

1 

gdcC- i [ 1 1 1 i 1 1 i 1 

1 

1 

Cl 

O 

Loss in 
_ Wt. 

05GCr-H>- t i i 1 1 1 ! 1 ! ! 

«='3?3Si i M II 11 1 M 

o 

a 

1 

1 

3 

1 

1 

o 

1 Mill Mi 1 


.3 

ife 

M 1 M M 1 i i 


_ ! 




Condition 

Storage 
Period (Day 

t-l«CC|C040icDt^00a5OtMC0'^t^O 
t— 1 -1— H 1-H t— t c<l 


& 


I 


o 



tn 

! 


I 

I 



370 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

per cent of white beans (Sample No. 11) is a discrepancy due to 
sampling, but it is worth noting in that it is associated with a very low 
per cent of polysaccharides other than starch (Table V). 


TABLE IV — Composition of Gruen Lima Bean Seeds in Per cent op Fresh 
Weight at Time of Harvest 



Storage j 1 I 



Total 



Sample 
No. • 

Period 

(Hours) 

Xvt. Mat- 

Condition* Sample ter 

Total 

Sugar 

Starch 

Carbo- 

hy- 

drates 

Total 

Nitrogen 

Crude 

Fiber 

A 


At Time of Harvest 




1 1 

0 i 

1 50.00 1 33.48 1 

2.06 

1 11.63 1 

16.84 1 

1.42 1 

1.99 

C 


Stored in 

Pods 





7 

24 

N.T. 52.58 35.851 

.83 

11.90 

17.86 

1.59 

— 

8 

48 

N.T. 64.35 28.99 

.72 

10.31 

15.17 

1.26 

1.91 

9 

72 

N.T. 69.25 28.76 

.72 

9.15 

14.33 

1.28 

— 

10 

24 

C.T. 51.55 35.92 

1.53 

12.02 

19.71 

1.35 

— 

11 

48 

C.T. 53.02 34.87 

1.68 

12.58 

16.90 

1.34 

2.07 

12 

72 

C.T. 55.00 35.38 

1.60 

11.92 

19.55 

1.41 


D 


Shelled Beans 





14 

24 

N.T. 55.81 33.82 i 

.63 

12.01 

17.94 

1.49 

— 

16 

48 

N.T. 60.00 33.23 

.88 

10.80 

16.50 

1.44 

2.15 

18 

24 

C.T. 51.94 36,11 

1.28 

13.27 

18.87 

1.51 

— 

20 

48 

C.T. 53.90 35.38 

1,49 

11.28 

18.92 

1,45 

2.12 

21 

72 

C.T. 56.84 34.81 

1.40 

12.03 

17.90 

1.32 

— 

E 


Shelled Beans Stored in Cellophane® 



■ 22 ■ 1 

4 P.C.-20 hrs. 50.00 35.05 

1,55 

11.47 

18.68 

1.45 

2.04 

23 

4 p.c. 20-4 N.T. 50.58 35.64 

1.23 

12.94 

20.34 

1.61 

— 

■ ■ 24 ’ 

2 N.T.- 

46 50,63 34.37 

1.41 

11.56 

18.27 

1.61 

— 

25 

2 p.c.-46 50.84 34:57 

1.58 

11.61 

19.73 

1.41 

— 

26 

4 P.C.-44 50.37 35.70 

1.31 

12,30 

19.03 

1.50 

— 

27 

4 P.C.-44-4N.T. 51.02 35.73 

1.36 

12.70 

18.94 

1.54 

— 

28 

4 P.C.-68 50.76 34.81 

1.33 

11.59 

18.32 

1.49 

2.23 

29 

4 p,c.-44-4N.T. 50.76 36.38 

1.15 

12.67 

19.84 

1.64 

— 


1 -20 

1 1 






F 

Storage Changes in Open and Cellophane Containers 


30 

60 hrs. open N.T. 67.34 30.28 

.77 

10,05 

14.49 

1.32 

1.95 

31 

a0hrs.ceHo. N.T. 50.50 32.04 

1.31 

. 11.27 

16.06 

1.37 

1.92 

32 

60hrs.opexxC.T. 56.90 32.78 

.88 

11.40 

16.98 

1.38 

1.88 

33 

60 hrs. cello. C.T. 50.25 32.63 

.89 

11.32 

16.15 

1.36 

2.00 

34 

lOdaysceUo.C.T. 51.39 36.46 

1.24 

12.38 

19.69 

1.54 

2.20 

35 

20 days open C.T, 128.63 35.37 

1.15 

12.91 

19.43 

1.41 

1.S9 

36 

20 days ceUo.C.T. 68.96 34.07 

.84 

12.41 

18.49 

1.32 

1.87 


*Abt>teviatioias, N,T. — Normal Temperatwe, C.T. — Cold Temperature, p.c, — precooled. 
sAH samples in cellopliane stored under cold temperature conditions unless otherwise noted. 


In Table III the effects of storage in cellophane are given. Cello- 
phane is excellent in preventing loss of moisture but does not prevent 
whitening. Beans stored in cellophane become sticky after several 
days at normal temperatures and after 10 days at cold tempera- 
tures. Cooking tests were made on beans stored for 60 hours in the 
open and in cellophane under normal and cold temperatures. Their 
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edible quality was ranked in the following descending order: (1), 
lot stored in open under cold temperatures, (2) lot stored in cello- 
phane under cold temperatures, (3) lot stored in open under normal 
temperatures, and (4) lot stored in cellophane under normal tem- 
peratures. Both samples stored in cellophane seemed tougher and had 
a slightly disagreeable taste, due perhaps to anaerobic changes in the 
proteins during the storage period. Additional evidence is necessary 
to recommend or condemn the use of cellophane in the marketing 
of beans. 

The chemical changes occurring are outlined in Tables IV and V. 
In Table IV the results are expressed in lerms of per cent at time of 
harvest and, therefore, indicate actual gains or losses in the various 
materials, so are most significant from a physiological standpoint. 
This table was calculated from the figures in Table V using the losses 
in weight found in Table IL In Table V the results are in terms of 
per cent at time of sampling and show the status of each lot at the 
end of their respective storage periods, thus portraying edible quality. 

Dry Matter: Increases in dry matter (Table IV) are due to inac- 
curacies in sampling or in estimating the losses in weight. The lack 
of any large dry matter losses is probably due to the relative state of 
maturity and lack of moisture content of these seeds. McGinnis (13) 
noted that most of the carbohydrate losses of wheat occurred before 
desiccation began, while the grain contained over 40 per cent moisture. 
The lack of any great change in dry weight of the beans stored in 
cellophane is probably due to an oxygen deficiency. Bailey (2) in a 
study of stored grains, noted that respiration was reduced in an 
oxygen free atmosphere, the ratio to that occurring in a normal at- 
mosphere being about 1 to 2.5. Based on actual content at time of 
sampling (Table V) dry matter increases, due to moisture losses that 
were proportionally greater than dry weight losses. 

Starch: In Table IV the increases in starch during the first 24-hour 
period may possibly be accounted for in sugar condensation. At the 
end of the successive periods, respiration has in general caused some 
declines in the amount present. Beans held in pods at normal tem- 
peratures show more rapid starch decreases than those kept under 
any other condition of storage. 

Total sugars: Total sugars decrease most rapidly during the first 
twenty-four hours, and then reaching the minimum, as noted by Ap- 
pleman (1), fail to show any significant additional losses (Table IV). 
This minimum percentage of sugar is larger at cold than at normal 
temperatures, with the exception of beans stored on the vine. Vine 
storage does not seem to be as conducive to rapid sugar losses as 
other normal temperature storage conditions. 

Nitrogen: Total and insoluble nitrogen tend to increase and soluble 
nitrogen tends to decrease during the storage period (Table V). 
However, actual losses in total nitrogen occur (Table IV) ; but not 
at as rapid a rate as that of carbohydrates. 
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Crude Fiber: There is very little change in actual amount of fiber 
throughout the storage period (Table IV), however, shelled beans, 
have some tendency to increase in fiber over the period of observa- 
tion, Large moisture losses tend to increase the proportionate amounts 
of fiber in beans stored under normal temperatures (Table V), The 
actual amounts found and changes based on the fresh and dry weight 
agree with the results obtained by Dubois (9). 

The data show that lima beans are physiologically older than other 
vegetables used in the green state. No test on any of the samples indi- 
cated more than a slight trace of reducing substances. The high per- 
centage dry weight, low percentage total sugar, and lack of rapid 
response to storage treatments, along with the results obtained by 
other workers (3,4,7,8,10,11,12) substantiate the above state- 
ment. However, this work indicates that there may be changes in 
chemical composition associated with rapid whitening during the first 
day after harvest which were not apparent in this work, due to the 
length of initial storage period and variability of the samples used. A 
more careful study of the changes occurring in the ]5oly saccharide 
content should be of some value. 
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Experiments With Ultra-Violet Transmitting Glasses for 
Growing Vegetable Plants in Coldframes 

By Victor R. Boswell and A. M. Jackson, [/. 5. Department of 
Agriculture f Washington, D. C. 

JN the past few years a great amount of study has been devoted to 
the effects of different wave-lengths of light upon plant growth. 
Both in this country and abroad numerous investigations have 
been made relative to the possible economic value of growing plants 
under certain window glasses which transmit a portion of the ultra- 
violet light of the sun. The results are somewhat inconsistent and 
conflicting, but in general it appears that there is no very marked 
advantage in using ultra-violet transmitting glasses as compared 
with common glass. 

A number of commercial glass firms in this country have been 
very much interested in determining whether plants grown under 
their respective glasses would make sufficiently larger growth or 
better quality than under common glass to justify recommending 
those special glasses for general plant-growing purposes. Three 
manufacturers and dealers submitted to the authors, quantities of 
their respective products sufficient to glaze several standard .sash 
which were used in the studies reported herein. 

In this work no attempt was made to conduct a technical study 
of the effect of various wave-lengths of light upon plant growth 
under controlled conditions. The object was to determine whether 
appreciable growth differences would be produced among plants 
grown in an ordinary coldframe, covered with various glasses, and 
managed in a manner comparable with commercial practice. 

Methods 

Temporary coldframes were used about 100 feet long, in loca- 
tions of unobstructed light. Individual plots were 6 by 9 feet and 
covered with three sash. Treatments were usually in duplicate, but 
in the study of Vita-Glass alone there were four replications. On 
account of insufficient glass only one plot of Uviol-Jena could be 
included. At least three control plots of common glass were used 
in each test, these being located near each end and near the middle 
of the frame. The order of replicate treatments was reversed in 
different parts of the frame to check out any definite gradient in 
soil conditions that might have been present. Treatments were 
compared with the adjacent control unless the treated plot was the 
middle of the three plots between controls, in which instance the 
treatment was compared with the mean of the two equidistant con- 
trols. 

Data were recorded upon each individual plant in each plot, and 
the results expressed as the mean per plant for each plot, together 
with the probable error* 
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Marglobe tomato seeds were sown in the frame under the respec- 
tive glasses March 28, 1929, and spotted 6 b}' 9 inches April 23 
and 24. The glass was kept over the plants almost continually 
until the yield records were taken ; but after May 10 the sash were 
propped up much of the time to afford ventilation. It was removed 
at intervals while watering the plants. The plants were cut off at 
the soil surface, weighed, and the height determined on June 14. 


TABLE I — Growth of Tomato Plants Under Common Glass and Vita-glass. 

Spring, 1929 


Comparison 




Number 

Common Glass 

Vita-glass 

Difference* 


Plant Weight in Grams 


1 

20.94±1.07 

19.55=bL15 1 

-~1.39ri=1.57 

2 

20.00± .96 

22,87±1.28 

-h2.87±1.60 

3 

24.45± .89 

27.12±1.13 1 

+2.67=hl.44 

4 

33.03±1.32 

26.94=tl.l2 ' 

"~-6 .09 rfc 1 . 73 

5 

13.56± .77 

16.66=b .80 

H-3.10±l.ll 

Total 

22.61 ± .57 

22.64dh .54 

4- .03=b .79 


Plant Height in Inches 


1 

12.69 ± 

.29 

11.40± 

.26 

— L29ri= 

.39 

2 

10.93 ± 

.33 

11.85=b 

.28 

4" .924: 

.43 

3 

13.37 ± 

.20 

14.65± 

.21 

+1.28± 

.30 

4 

11.81 ± 

.22 

i2.07=b 

.31 

-f .26db 

.38 

6 

15.21 ri= 

.15 

13.93± 

.19 

—1.284: 

.24 

Total 

12.80 zh 

.11 

12.78d= 

,11 

— .024= 

.16 


^Increase or decrease of treatment compared with common glass. 

In 1930, Ruby Giant pepper seeds were sown in the frame under 
the respective glasses May 5, and spotted 6 by 6 inches on June 3. 
The glass was kept over the plants almost continually, but of course 
was propped up during very warm weather to provide ventilation. 
The plants were cut off at the surface of the soil and weighed July L 

Iti 1931, seeds sown in the frames the middle of April failed to 
grow satisfactorily. Seeds were then sown in fiats in the greenhouse 
and the flats placed under the respective glass as soon as the seed 
had started to germinate well. The plants were spotted 6 by 6 
inches on May 19 and growth data recorded July 1. The frames 
were managed as described above. 

Seeds of Scarlet Turnip White Tip radish were sown by spotting 
6 by 6 inches in the frame Oct. 16, 1930. The groups of plants 
were thinned to a single plant on Oct. 28. The plants were har- 
vested and weighed, roots and tops separately, on Jan. 2 and 3, 1931. 

Results 

Table I shows that there was a significant difference in weight 
of plants grown under Vita-Glass and cohrmon glass in only one 
of five comparisons. In this instance the Vita-Glass plot produced 
smaller plants than' common glass, but when considered with the 
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Other comparisons it can only be concluded that the common glass 
and Vita-Glass produced plants of practically the same weight. 

Differences in plant height were inconsistent among the several 
comparisons and wholly without significance in the totals of all 
plots. 

It is recognized that pepper plants are not commonly grown by 
sowing seed in coldframes, but it was believed that the pepper 

TABLE II — Mkan Weight of Pepper Plants Grown Under Common Glass 
AND Ultra-violet Transmitting Glasses 


Comparison 

Kind of Glass 

Common Glass 

Treatment 

Difference! 

Number 

in Treatment 

Wt. in Gms. 

Wt. in Gms. 

Wt. in Gms. 


1 

Vita-Glass 

Spring 1930 
13.78 ±1.27 

16.37 ± .80 

+2.59±1,50 

2 

Vita-Glass 

21.67±1.00 

24.55 ±1.02 

“1-2,88 ±1.43 

3 

Helio-Glass 

19.74± .73 

16.37 ± .83 

— 3.37±1.11 

4 

Helio-Glass 

23.68± .68 

29.92± .88 

-h6.24±Lll 

5 

Uviol-Jena 

25.69 ± .92 

13,33 ± .59 

— 12.36±1.09 

1 and 2 

Vita-Glass 

* 17.72± .81 

20.64 ± .65 

+2.74±1.04 

3 and 4 

Helio-Glass 

! 20.38± .62 

23.14± .59 

+2.76d= .86 

1 

Vita-Glass 

Spring 1931 
12.22± .47 1 

16.31 ± .71 

-(-4.09± .85 

2 

Vita-Glass 

12.34± .57 

11.88± .68 

— .46± .89 

3 

Helio-Glass 

17.23± .67 

15.98± .75 

— 1,28±1.00 

4 

Helio-Glass 

14.78± .44 

11.31 ± .49 

--3.47± .66 

5 

Uviol-Jena 

17.23± .67 

15.42 ± .62 

— 1.81± .91 

1 and 2 

Vita-Glass 

12.28± .37 

14.09± .49 

±1.81± .61 

3 and 4 

Helio-Glass 

14.78± .44 

13.64± .45 

— 1.14± .60 


increase or decrease of treatment compared with common glass. 


would be useful in determining differences in plant responses to 
these various glasses on account of its supposed high temperature 
and light requirements. Even though the seeds were sown relatively 
late, germination could not be obtained earlier as proved by unsuc- 
cessful trials. The plant is tolerant to high temperature and was 
uninjured by being grown under glass in warm weather except 
where some leaves touched the glass near the lower side of the 
frame. 

Table II shows a slightly significant increase in size of pepper 
plant grown under Helio-Glass in 1930. This is of quite question- 
able significance because comparison No. 3 showed a decrease and 
No. 4 an increase. In 1931 comparison No. 4 with Helio-Glass 
showed a significant decrease below common glass but comparison 
No. 3 was without significant difference, as was the total of both 
comparisons. 

There was no significant difference between plants grown under 
Vita-Glass and common glass in 1930 although the former tended 
to produce slightly greater weight. There was a small pd slightly 
significant greater weight of plant produced under Vita-Glass in 
1931, but one of the two comparisons showed a. lower weight. 
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thereby rendering questionable the value for the total of the two 
comparisons. 

Plants grown under Uviol-Jena Glass were significantly smaller 
than under common glass in 1930 but there was no significant dif- 
ference in 1931. The cause of unsatisfactory growth under this 
glass in 1930 is unknown but should hardly be ascribed to the glass. 


TABLE III — Mean Weight of Radish Plants Grown Under Common Glass 
AND Ultra-violet Transmitting Glasses. Fall 1930 


Compansson 

Number 

Kind of Glass 
in Treatment 

Common Glass 
(Wt. in Gnis.) 

Treatment 
(Wt. in Gms.) 

Difference^ 

(Wt. in Gms.) 


Weight of Plant Tops 


1 

Vita-Glass 

1.87±.10 1 

3.20dt.l6 

-1-1.33 ±,19 

2 

Vita-Glass 

3.25±.12 1 

3.36±.12 

-h .11±.17 

3 

Helio-Glass 

3.84±.17 

3.91db.l6 

+ .07±.23 

4 

Helio-Glass 

3.54±.17 

3.96±.17 

-h .42±.20 

5 

Uviol-Jena 

3.84d=.17 

2.61 ±.09 

1.23±.19 



Weight of Roots 


1 

Vita-Glass i 

2.72±.18 ! 

4.02d=.17 

-fl.30±.25 

2 

Vita-Glass | 

3.47=t:.19 

4,29 ±.18 

-h .82±.26 

3 

Helio-Glass ' 

4.69=fc:.23 

5.04±.27 

-h .35±.35 

4 

Hdio-Glass 

4.08=b.l6 

4.65±.22 

+ .57±.26 

5 

Uviol-Jena 

3.47±.19 

3.20±.14 

! — .27±.24 

1 and 2 

Vita-Glass 

3.21±.14 

4.17±.14 

-f .96±.20 

3 and 4 

Helio-Glass 

4.08±.16 

4.84±.17 

-1- .76±.23 


^Increase or decrease of treatment compared mth common glass. 


A crop of radishes was grown in a coldframe in the fall of 1929 
but the data obtained were extremely variable on account of parts 
of the frame being shaded at certain times on days of sunshine. 

Data obtained from a crop grown in the fall of 1930 are pre- 
sented in Table III. The tops of the radishes had been injured 
by cold before the records were taken, but the roots were sound. 
In general, there was no significant difference in weight of tops 
produced under common glass and ultra-violet transmitting glass. 

The plot total comparisons of both Vita-Glass and Helio-Glass 
show small but significantly greater root weights than produced un- 
der common glass. The difference in favor of Vita-Glass in com- 
parison No. 1 appears to be due in part to the abnormally low yield 
of the control ; however, the test and control were immediately ad- 
jacent and so should be comparable. The small differences in the 
single plot comparisons with Helio-Glass are not significant, but 
when the plot totals are considered a small and significant difference 
is apparent. The comparison of Uviol-Jena Glass and common 
glass was without difference, but was based on only a single plot. 

Discussion 

Comparison of glasses in small cold-frame plots is subject to severe 
limitations and disturbing factors; but these same limitations and 
disturbing factors are operative under practical growing conditions 
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and will tend to eliminate differences in environment that might 
be produced under these various glasses. The panes in coldframe 
and hotbed sash very readily accumulate a film of dirt and grime 
which interferes with light transmission, especially if straw, mats, 
or other material is placed over the glass during cold periods. Films 
or droplets of water will at least partly absorb or screen out ultra- 
violet light. . The plants cannot always be kept covered tightly 
for the frames must be ventilated, and this will diminish tempera- 
ture differences that might be developed ; also the frames must be 
uncovered for watering the plants at intervals. 

These considerations together with the results obtained in the 
present study as well as the work of others, should justify the con- 
clusion that for at least a considerable number of species or varie- 
ties, ultra-violet transmitting glasses are of no significant advantage 
over common glass for use in coldframes. It is only fair to state 
that no significant disadvantage has been shown, and that if these 
glasses can be obtained at prices comparable with those of good 
grades of common glass they should be quite as satisfactory. 



Studies of the Hardiness of Plants: A Modification of the 
Newton Pressure Method, For Small Samples 

By S. T. Dexter, Chkiujo, 111. 

AnSTKACT 

The complete paper will appear in the Journal of Plant Physiology. 
PREVIOUS work done by Dexter et aL, has shown that the injury 

to frozen plants may be estimated by determining the degree of 
exosmosis of mineral matter from the tissue into distilled water. 
The concentration of the mineral in the water, in this test, was 
measured with electrical conductivity methods. In this way the 
relative hardiness of samples was determined. Newton has shown 
that the hardiness of winter wheat is correlated) with its ability to 
retain its sap, when subjected to pressure. The volume of sap 
expressed from a large sample ofTeaves was measured in a graduate. 
The present paper reports an experiment in which the two pre- 
vious methods are compared; the Newton method is modified so 
that small samples can be used. One-gram samples of wheat leaves 
were wrapped in ashless filter paper, and protected from contamina- 
tion with a flap of sheet rubber. Each sample, in its wrapper, was 
placed between thick rubber pads in the pi*ess cylinder and sub- 
jected to pressure for a period of one minute. Pressures from 1000 
to 10,000 pounds per square inch were used. After pressing, the 
pad of paper and leaf tissue was removed from the cylinder, the 
paper unwrapped, and the tissue and paper placed in a large test 
tube. To the test tube, a specified quantity of distilled water was 
added, and the mineral matter was permitted to diffuse from the 
paper and the tissue. The mineral concentration of the resulting 
solution was determined electrometrically, at intervals up to 20 
hours. 

It was shown that the amount of mineral matter diffusing-* from 
the paper pad, alone, was greater in the case of tender varieties, 
and less with hardier ones. When the residual tissue, only, was 
extracted, similar results were obtained. If both were extracted, 
together, the results were additive. In all cases, hardened tissues 
were used. 

Greater pressure caused greater expression of saj), and greater 
injury to the tissue, as measured by outward diffusion of electro- 
lytes, in both hardy and tender varieties. 

The amounts of mineral obtained from the tissues of hardy and 
tender varieties, as a result of pressure treatment, were almost pre- 
cisely proportional to the amounts obtained when the tissue was 
frozen rather than pressed. Pressure injury and freezing injury 
showed very close correlation. 

While plants of tender and hardy varieties could be distinguished 
by either freezing or pressing, with subsequent exosmosis, it was 
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shown that they could not be so distinguished when the plants were 
killed by heat, by ethyl ether, or by grinding. 

Considerable care must be exercised in growing plants for such 
tests, since, in a given variety, a significant range in hardiness was 
found under varying environmental conditions. Plants partly 
shaded for a week were found to be less hardy than plants receiv- 
ing full light. Plants growing in a well-worked soil, which favored 
a vegetative type of development, were found to be less hardy than 
those growing in a compacted soil, where growth was slower. 



Reducing the Day Length of Chrysanthemums for the 
Production of Early Blooms by the Use of 
Black Sateen Cloth 

By Kenneth Post, Cornell University, Ithaca, N. F. 

^HIS paper deals with the tiiiie of day most effective in darkening* 
of chrysanthemums for early blooms, length of time of darken- 
ing necessary for best results, part of the plant affected, number of 
successive nights of darkening necessary, possibilities of producing a 
succession of bloom by a succession of darkening treatments and the 
possibilities of outdoor pi'oduction of early blooms by darkening. 

The cuttings of the varieties used for the test were taken during 
the first 10 days of March. The plants were benched June 20, from 
3-inch pots. The planting distance was x 8j4 inches. The culture 
of the plants was that of common commercial practice. Standard 
varieties were grown two flowers to a plant and pompons pinched the 
last time the week following benching. 

The length of day was reduced by the use of a cheap grade of black 
sateen cloth over a frame of 1 x inch boards and number 14 wire. 
This resulted in a tight dark chamber, and only the small amount of 
light which would pass through the cloth was admitted. 

Results 

Several varieties of both standard and pompon chrysanthemums 
were darkened at 6 o'clock at night and the cloth removed at 7 o’clock 
in the morning, starting July 15 and continuing each night until the 
buds were showing color on all varieties. At Ithaca during this period 
of the year the sun rises at about 5 a. m. and sets at about 8 p. m. The 
results are shown in Tables I and IL 

The time of bloom of the varieties used was advanced from 39 to 
57 days depending on the variety. The stem length was less than 
check in all cases with standard and pompon varieties. All buds pro- 
duced on standard varieties under treatment were terminals. The 
diameter of the flower on some varieties was reduced while that of 
others was increased as a result of the treatment. The darkening 
caused a great increase in the number of stems per plant, of pompon 
varieties. In many cases this was double the check plot. The number 
of Sowers per stem was decreased. The effect of short clays on the 
branching of plants has been reported by Tincker (3) and Garner 
and Allard (2). 

Time of Day for Darkening 

Twenty-five plants of each of the varieties Bokhara, Chas. May- 
nard, Rodell and Pink Dot were placed in each of five plots. The 
treatments were started July IS and continued until September 3. 
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The treatments and results with Bokhara are shown in Table III. 
Other varieties reacted in similar manner, the data being omitted to 
conserve space. 


TABLE I — Effect of Reduced Light Upon St.\nd.a.rd Varieties 


Variety 

Treatment 

Buds 

Taken 

Color 

Showing 

Date 

First 

Cut 

Days 

Before 

Check 

Average 

Stem 

Length 

(Inches) 

Average 

Flower 

Diameter 

(Inches) 

Chas, Rager . . . 

Darkened 

Ai-10 

A-28 

S-14 

57 

33.9 

4.3 


Check 

S-21 

0-24 

N-10 


65.0 

5.3 

Friendly Rival 

Darkened 

A-10 

A-28 

S-21 

47 

21,1 

4.6 


Check 

S-20 

0-24 

N-7 


59.5 

5.4 

Gold Lode .... 

Darkened 

A-5 

A-18 

A-26 

48 

23.8 

3.9 


Check 

S-11 

S-29 

0-13 


58.0 

4.7 

Mrs. D. F. Roy 

Darkened 

A-10 

1 A-31 

S-21 

43 

22.3 

4.5 


Check 

S-10 

1 S-28 

N-3 


49.6 

5.2 

October Rose. , 

Darkened 

A-5 

A-20 

S-8 

45 

35.7 

5.0 


Check 

S-14 

0-5 

0-23 


66.6 

4.8 

Quaker Maid. . 

Darkened 

A-10 

A-18 

S-1 

42 

33.7 

4.4 


Check 

S-6 

0-2 

0-13 


51.4 

4.0 

Rose Chocard. 

Darkened 

A-10 

A-26 

S-a4 

42 

20.6 

3.6 


Check 

S-14 

0-10 

0-26 


38.5 

4.1 

Silver Sheen. . . 

Darkened 

A-5 

A-21 

s-s 

48 

28.9 

4.5 


Check 

S-14 

0-5 

0-26 


61.1 

4.7 

Snow White. . . 

Darkened 

A-25 

S-14 

S-20 

39 

25.7 

3.9 


Check 

S-10 

S-30 

N-7 


46.7 

4.7 

Thanksgiving 

Darkened 

A-17 

S-14 

0-2 

45 

26.6 

4.6 

Pink 

Check 

S-5 

0-5 

N-16 


55.2 

4.8 


“August; S “Sept.; N =Nov.; O =Oct. 


Table III clearly shows that darkening with the black sateen cloth 
for a period of 4 hours per day distributed equally at both ends of the 
day or from 6 p. m. to 7 a. m. was more effective in hastening blooms 
than the same length of time of darkening in afternoon or from 4 p. 
m. to nightfall, and this was in turn more effective than the same 
period of darkening in the morning. All three treatments produced 
blooms before the check plot which was in full bloom about 2 days 
before the treatment during the middle of the day or from 9 a. m. to 
1 p. m. The superior value of morning light for the promotion of 
growth has been pointed out hy Espino and Pantaleon (1), The 
plants did not bloom uniformly when the 4-hour period of darkness 
was either in the morning or afternoon. Those near the outside of 
the bench were in full bloom several days before those in the middle. 
This might be due to the angle of incidence of the sun's rays on the 
cloth. More light was probably admitted through the doth in the 
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middle than near the edge of the bench. Plants darkened for the 
same length of time in the middle of the day were weak in growth. In 
most cases the more effective the treatment in producing early blooms 
the greater was the number of stems per plant. 


TABLE V — Effect of Duration of Periodic Darkening Treatments 


Variety 

Treatment 
from July lo 
Until 

Buds 

Taken 

! 

Color 

Showing 

First 

Cut 

Dates 

Days 

Before 

Check 

Average 

Stem 

Length 

(Inches) 

I Average 
! Flower 
Diameter 
(Inches) 

Gk)ld 

Bloom 

A-0 

A-18 

A-26 

48 

23.8 

3.9 

Lode, . 

Aug. 14 

A-5 

A-20 

A-2() 

48 

26 

4.4 


Aug. 4 

A-5 

A-20 

A-26 

48 

26 

4.4 


Jtily24 

A~5 

A-24 

vS-8 

35 

28.4 

4.7 


Check 1 

S~U 

S-29 

0-13 


58 

4.7 


Day Length and Bloom 

Varieties Yellow Fellow, Sunshine, Popcorn, Menza, Dorothy 
Turner were given varying amounts of daylight. The treatment was 
started July 15 and continued until color was showing in all varieties. 
The treatment of one plot consisted of covering the top of the frame 
and the sides down to the terminal buds. The foliage was left ex- 
posed to light. All varieties reacted in similar manner, the data being 
omitted to conserve space. 

From Table IV it will be seen that darkening the entire plant from 
6 p. m. to 7 a. m., giving the plants 11 hours of daylight, is more ef- 
fective thaii longer or shorter periods of daylight. The plot treated 
from 6 p. m. to 7 a. m, and only the tops darkened produced buds 
when the plants had grown up under the cloth and were under con- 
ditions similar to the completely shaded plot. 

Number of Nights for Darkening 

Varieties Gold Lode, Quaker Maid, October Rose, Silver Sheen, 
Rose Chocard, Chas. Rager, and Friendly Rival were darkened for 
10 ; 20 , and 30 successive nights and each night until the bloom was 
cut. Sixteen plants of each variety were grown in each test. The 
' results with Gold Lode and Chas. Rager follow in Table V. 

Table V would indicate that darkening only a few nights in .suc- 
; c^sion may result in bud formation at approximately the same date 
as when darkening is continued up to the time of bloom. If darken- 
ing is not continued until after the buds are all taken, which is from 
5 to 7 days after the date given in the table, the time for bud foi'ma- 
t jdn to* bloom is much greater than when darkening is continued. The 
pendency is for the plant to return to a vegetative condition. The 
/flowers which form appear very much like those produced on crown 
buds. Vegetative growth may start from buds on the plant and pro- 
duce blooms at the normal season of the year. The length of time 
^ for darkening was dependent upon the variety. It was best governed 
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by the development of the bud. Continuing the short days until 
blooms were cut did not dela}’’ the time of bloom. There was more 
danger of darkening too few nights than darkening too many. Dark- 
ening until the blooms were cut slightly reduced the diameter of the 


TABLE VI — Effect of Beginning Treatments at Various Times During 

THE Season 


Variety 

Date 

1 Treatment 
Started 

Buds 

Taken 

Color 

Showing 

First 

Cut 

Days 

Before 

Check 

Average i 
Stem ' 
Length 
(Inches) 

Average 

Flower 

Diameter 

(Inches) 

Silver 

Jnlv 15 

A-7 

A-21 

S-8 

45 

26.7 

4.6 

Sheen . 

JulV 25 

A-17 

A-2f) 

vS-18 

35 

29.8 

4,4 


Atig. 4 

A-27 

S— 5 

S-23 

30 1 

34.5 

4.6 


Aug. 18 

S~6 

S-22 

0-5 

18 

45.8 i 

4.9 


Check 

S-6 

0-5 ! 

0-23 


51.0 1 

5.0 


flower. The more effective the treatment the shorter the stem of the 
flower. 

Producing a Succession of Bloom 

The treatments of the varieties Snow White, Thanksgiving Pink, 
Mrs. David F. Roy, Silver Sheen, Quaker Maid, and Chas. Rager 
were started at various intervals of time during the growing period. 
The plants were all started and benched at the same time. The results 
with Silver Sheen appear in Table VI. 

When the late varieties were darkened July IS the reaction to the 
treatment was not as rapid as that of early varieties. Generally 
speaking, however, the plants bloomed in approximately the same 
order in which the treatments were started. The possibility of a suc- 
cession of bloom of the same variety is evident from this work. 

Culture Under Cheese Cloth 

The varieties Chas. Maynard, Bokhara, Quaker Maid, and Rose 
Chocard were, planted under a cheese cloth house and given the dark 
treatment from 6 p. m. to 7 a. m. The plants were in bloom at the 
same time as those grown in the greenhouse bench and given this 
treatment. The quality of the blooms of the varieties Bokhara and 
Chas. Maynard was superior to that of greenhouse grown plants. The 
standards were severely injured by the presence of moisture in the 
house. 

Conclusions 

Stems of flowers forced into bloom earlier than normal were 
shorter than those of normal treatment. Buds produced under treat- 
ment were tei'minals. Darkening at 6 p. m. and removing the doth 
at 7 a. m. was the most satisfactory of the treatments tried. Darken- 
ing from 9 a. m. to 1 p. m. retarded blooming. Darkening the entire 
pl^t was more satisfactory than darkening only the upper portion 
of tops. Darkening until all buds were taken on standard varieties 
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was most satisfactory. Darkening standard varieties until the blooms 
were cut reduced the size of blooms of some varieties. Plots in which 
the treatment was started at intervals of 10 to 14 days bloomed in ap- 
proximate!}' the same order. Pompons grown continually under to- 
bacco cloth and darkened with stock sateen as those grown in the 
greenhouse (6 p. m. to 7 a. m.) bloomed at the same time as those 
grown in the greenhouse and were of superior quality. 
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Studies of Photoperiodism of the Chrysanthemum 

By G. H. PoEscH^ Ohio State University, Columbus, Ohio, 

JN an earlier paper (2) considerable data were presented showing 

the effect of shortening the length of day on Chrysanthemum, 
with a very marked effect on its flowering. Previously it was proven 
that Chrysanthemum was a short-day plant, and it was also observed 
that a variety grown in the north would flower several days to a week 
in advance of the same variety several hundred miles further south. 
Temperature and light appear to be the limiting factors in earlier 
flowering of the Chrysanthemum. 

Allard (1) showed that it flowered about 2 months earlier when 
grown in a 10-hour day than in the control plot receiving no treat- 
ment. Tincker (3) reports that earlier flowering was obtained with 
this plant but a much weaker growth was noted in the plots under 
reduced daylight. 

The conclusions recorded previously indicated the possibilities of 
this practice for commercial use. In fact, many growers have al- 
ready tried the method advocated and successfully brought their 
plants into earlier flowering. Because of the wide range of varieties 
and methods of applying the shades, further studies were carried on 
by the writer at the Ohio State University. 

The cultural practices used followed those in the commercial field. 
Plants were set at a distance of 8 x 8 inches on June 15. These 
plants \vere all pinched on June 23. Standards were grown to two 
stems per plant; disbuds, to five stems; and on pompons all shoots 
were allowed to mature. The soil was of a compost nature and 10 
pounds of superphosphate per 100 squai-e feet were applied before 
planting. 

Plot No. 1 : Shades were applied at 6 p. m. and removed at 7 a. m. 
Nitrogen was applied weekly from time of planting until color of 
flower appeared. . Plot No. 2 : Shades were applied at 6 p. m. and re- 
moved at 7 a. m. Nitrogen was applied weekly after terminal bud 
appeared until flower bud showed color. Plot No. 3: Shades were 
applied at 6 p. m. and removed at 7 a. m. Potash was applied bi- 
monthly from date of planting until flower bud showed color. Plot 
No. 4: Shades were applied at 6 p. m. and removed at 7 a. m. No 
additional treatment. Plot No. S: Shades were applied at 4 p. m. and 
removed at 7 a. m. No additional tr^tment. Plot No. 6: No light 
treatment. 

Nitrogen was applied as ammonium sulphate at the rate of 2 pounds 
and muriate of potash at the rate of 1 pound per 100 square feet of 
bench space. 

Supports were constructed over the bench by means of wires to 
support the cloth. Entire shades, covered all sides of the plants as 
well as the top. Overhead shades covered the top of the plants. In 
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the case of standards this shade was placed feet above the soil, 
while with pompons the shade was so arranged as to be within several 
inches from the tip of the plant 

Varieties of both standards and pompons were included. Rich- 
mond and Snow While, two mid-season standards, and two mid- 
season pompons, White Wings and Ida, were used in this test. 

Series I : Pompons, shade applied 4 weeks after planting, July 16. 
Series II : Standards, Richmond and Snow White. Shading applied 
4 weeks after planting, July 16. Series III: Standards, Richmond 
and Snow White. Shade applied 6 weeks after planting, July 29, 
Series IV : This test included 35 varieties of the standard and disbud 
type. The first portion received shade from July 16 to August 16; 
the second portion received shade from August 17 to September 9. 

Entire white shades did not produce any beneficial results in earli- 
ness. Overhead black as well as overhead white shades did not cut 
down the duration of the daylight sufficiently to hasten maturity. 
Plots shaded with entire white shades and followed with entire black 
shades showed a marked advantage in time of flowering over checlc. 
Complete shading with black shades was found to be the most satis- 
factory method. 

The difference obtained when entire black shades followed entire 
white shades may be attributed entirely to the entire black shades. 
The latter shade was applied August 27, fully 10 wepks after plant- 
ing. Up to that date entire white shades were applied to those plots 
designated. The results show that even late reductions of day have 
some beneficial effect. 

In the case of^ pompons, overhead black shades showed a marked 
difference over check, but this earliness was only obtained on the 
plants grown in the center of the bench. The plants on the outer 
portions of the bench were not affected by the treatment. This shows 
that daylight was reduced sufficiently on the plants in the center of the 
bench, but not enough on those grown near the edge. 

Duration of light, rather than the intensity of light, governs the re- 
action of the Chrysanthemum to earlier flowering. Lath covered frames 
which cut the intensity from 60 to 75 per cent had no beneficial effect 
upon the time of flowering. Low light intensities weakened the plant. 
With the use of white cloth the light intensity was very low, yet the 
time of flowering was not hastened. 

Data show that no difference in time of flowering was obtained when 
nitrogen or potash fertilizers were applied. Stem length and flower 
diameter' varied somewhat in favor of the non-fertilized plots. Micro- 
chemical tests for nitrates, starch, and reducing sugars were made 
September 9, on all plots ip Table I.. Tests were made at the tip, 
mid-section, and base of the stem. 

Plots 1 and 2 both receiving nitrogen show^ very high amounts 
of nitrates in all tissues of the stem. The amouiit of nitrate 

was found to be located in the mid-section of thib stem. These same 
plants showed very small traces of starch in the base of the stem. 
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Reducing sugars were present in very small amounts in the phloem 
at the mid-section and tip of the stem. 


TABLE I — The Effect of Nitrogen and Potash Fertilizers on the Time of 
Flowering, Shading Applied July 16, Removed August 17 


Treatment 

First 
Appear- 
ance of 
Bud 

Date Bud 
Showed 
Color 

Date 

of 

Cutting 

Av. 

Lenf?th 

Stem 

Av, 

Diam. 

of 

Flower 

Plot I — N weekly from time of 
of planting 

Richmond 

Aug. 6 
Aug. 7 

Sept. S 
Sept. 27 

Sept. 29 
Oct. 16 

21 

5.3 

5.0 

Snow White 

21 


Plot II — N weekly when terminal 
bud appeared, 

Richmond 

Aug. 6 
Aug. 7 

Sept. 8 
Sept. 22 

Sept. 29 
Oct. 16 

21 

5.3 

Snow White 

22 

5.0 


Plot III — K bi-monthly 

Richmond 

Aug. 6 
Aug. 7 

Sept. 8 
Sept. 22 

Sept. 29 
Oct. 16 

20 

5,5 

Snow White 

24 

5 


Plot IV — ‘No fertilizer 

Richmond 

Aug. 6 
Aug. 7 

Sept. S 
Sept. 22 

Sept. 29, 
Oct. 16 

21 

5.7 

Snow White 

24 

5.D 


Plot V — No fertilizer 

Richmond 

Aug. 6 
Aug. 7 

Sept. 8 
Sept. 22 

Sept. 29 
Oct. 16 

20 

5.7 

Snow White 

26 

5.0 


Plot 7/ (No shade treatment) — 
# No fertilizer 

Richmond 

Sept. 11 
Sept. 11 

Oct. 12 

Oct. 23 

42 

6.0 

vSnow White 

Oct. 19 

Nov. 4 

40 

6.0 


Plot III, receiving muriate of potash, showed small amounts af 
starch in the mid-section of the stem, while traces of reducing sugars 
were present in the tip and mid-section. Nitrates were abundant in all 
parts of the stem, especially in the xylem and pith. Plots I and II 
showed the presence of the largest amount of nitrates in all sections 
of the stem. 

Tests on plants in Plot IV (receiving no fertilizer, but shaded 
from 6 p. m. until 7 a. m.) and Plot V (which received no fertilizer 
and was shaded from 4 p. m. until 7 a. m.) were identical. No starch 
was present, but traces of reducing sugars were found in all sections 
oi the stem. Nitrates were abundant in the pith. Nitrates were as 
abundant in Plots IV and V as in Plot III, which received potassium 
bi-monthly and was shaded from 6 p. m. to 7 a. m. 

Plot VI, unshaded and unfertilized, was higher in starch than the 
other plots, while the nitrates compared favorably to the amounts 
found in Plots III, IV, and V. Reducing sugars were present in 
larger quantities in this plot than in the other plots. The largest 
amount was found in the niid-section and tip of the stem. 
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Previous tests showed that Chrysaiitheinums responded to an 11- 
hour day and produced slightly better flowers than those grown under 
shorter days. A further study was made upon the 10-hour day as 
compared with the 11-hour day but no difference could be deter- 
mined with the varieties worked with. The slight variations recorded 
were insignificant. 

In a variety test, 35 varieties of standards and disbud pompons 
were arranged in two plots. One plot was shaded July 16 to August 
16. The second plot received shade from August 17 to September 
9. Entire shade was used. The results indicated that there was a 
distinct varietal difference. The early bronzes, such as Indianola and 
Calumet, faded to yellow. The pink varieties, such as October Rose 
and Rose Marie, faded to. lighter shades. The mid-.season varieties 
responded most favorably to the shading method. Late shading pro- 
duced beneficial results, but not as favorable as earlier shading. By 
applying the shades at various dates one variety was made to flower 
over a period of 6 weeks. 
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Vegetative Growth and Flower Production of Summer 
Annuals When Grown Under Cheese Cloth 
By Kenneth Post, Cornell Unwersity, Ithaca, N. Y. 

^HE production of cut flowers for commercial purposes during the 
summer is much limited in many sections of New York State 
because of weather conditions or insects of various types. The ma- 
jority of cut flowers on the markets are poor in quality. In an effort 
to improve this situation cloth shades have been used in the experi- 
ments here reported. 

The Connecticut Valley tobacco growers use “tobacco cloth” for 
shading their plants to improve the leaf quality. L. R. Jones of Wis- 
consin has for some time been using muslin for the protection of 
aster plants from the leaf hopper which, according to Kunkel (2), 
spreads aster yellows, in order that he might select strains of asters 
resistant to the wilt fungous. Ball (1) has used the muslin protec- 
tion with success for the commercial production of asters. The house 
used for protection of the plants from insects must be closed at the 
sides as well as the top. 

The tobacco cloth used in this work was purchased in 33-foot and 
6-foot widths. The greater width was used for the top of the house 
and the 6-foot width for the sides. For convenience in construction 
the house was built 32 feet wide and 48 feet long. Ten-foot chestnut 
posts were set 3 feet in the ground, 16 feet apart at the ends of the 
house and 24 feet apart along the sides. Provision was made for a 
door at the middle post on one side. At a distance of 3 feet from the 
base of the post and on the outside of the enclosure a cedar piece 
2 inches x 4 inches x 24 inches was buried parallel to the house to a 
depth bf 18 inches in the ground. No. 10 galvanized wire was fastened 
to the nuddle of this piece and run to the chestnut post at a height of 
6 feet from the ground and run through a half-inch hole in the post 
and fastened securely. The same size wire was run entirely around 
the house at a height of 6 feet and a cross wire was run from each 
of the posts, at the middle of the house, to the one opposite. All 
wires were tightened after being run through the half-inch hole in 
the post. An 8-inch cedar board was placed on edge around the entire 
house at such distance from the chestnut posts as the brace wires 
would permit. The 33-foot muslin (tobacco cloth) was sewed to the 
top wire around the entire edge, and one side of the 6-foot cloth 
attached in a similar manner. The other side of the 6-foot cloth was 
then fastened to the base board. 

Results WITH Asters 

The majority of miscellaneous annuals were planted from 
jfets to the house, June 3. A plot of the same varieties were plauted 
in a soil area at the south ride of the house. Both plots were fertilized 
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Returns per Sq. Pt.^ 

Open 
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lilssM liiiil nil MM 
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o 

Cloth 
@ 2c. 

00 O CN CO O 'Sf O CO C<I (M O OOCO'CH<N 

CO 05 O rH c<l 1 -t t-H 40 CO 00 no uo 05 CO Q CD 

rH (N CNI rH rH CN r-l tH ,-1 tH rH tH tH t-H rH o OOOO 
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® 5c. 
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CD 

CO 
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ed 

Av. No. Flowers 
per Sq. Ft. 

Open 

131'”-! 1 1 3§S M 1 M MM 


Cloth 

05CDC^in0C^^CDt^C00qn01>-O0qcDCDcDO 05C0 C<ItH 

0'^'OnOi:DOnoc6l>CDo6o5l>I>o605C^ vA ’cOCnI 

tH T-4 T— f 

6.72 

Average Flower 
Diam. (Inches) 

Open 

1 -1 1 1 1 1 1 1 1 -1 I 1 INI 

1 C<1 ' CNC<1 * ‘ ' MCO<N * ' > CM ' * 1111 

2.3 

Cloth 

00 00 O no no Til no no no C5 O nq CD CO O (N nq O i-J p 

c4 CM CO CM CO cd CO CO CO tH CO CO' tH CO* CO* CO CO* CO* Tf^ CM* CM* 

3.2 

Average Stem 
Length (Inches) 

s 

8 

9.6 

10.2 

9.2 

12.0 

13.1 

7.0 

8.5 

9.9 

o 

a 

C5nocOCOppClCT-jt>r>CqpCMI>;pOT-i pppCN 

odQdot>c4c5CMnondcdcdi>05 05odr-Iod cdondcd 

tHt— JCM t— fC^rHCMCMCMCQrHi-Hr-li--li-HCMT— 1 CMCMiHtH 

20.4 

1 

i 

Open 

oo5coococoooo»oOTi(noconocot^o o^i^oo 

nocs nO<MCO n01>C0 COr-iCMCOr-^ 

26.5 


Cloth 

e0C0OC0C0Ti<0500OC35OO(35Qn0Ot'^ t-CtHO-tH 

CO 05 O 00 00 00 CO CO 05 !> CO no 1> ^ no 00 tH t-HI 

54.8 

Variety 

Early Royal Ptirplo (Ball) 

Early Royal Pmple (Ball Res.) 

Early Royal Purple (Wis. 40a) 

Early Rose (Ball) 

Giant Branching Shell Pink (Ball) 

Giant Branching Shell Pink (Ball Res.) . 
Giant Branching Shell Pink (Wis. 65a) . . 

Giant Branching White (Ball) 

Giant Branching White (Ball Res.) 

Giant Branching White (Wis. 49) 

Giant Branching Red (Wis. 61b) 

Hearts of Prance Red (Wis. 1-b) 

Commet like Pink (Wis. 12b) 

Late White (Ball) 

Late Laveaader (Ball) 

Late Rose (Ball) 

^Sunshine Mixed (Ball) 

^Giant Peony Flowered (Stumpp and 
Walter) 

^Apple Blossom 

iWhite 

*Rose. 

^Purple. 

Average all varieties (21) 


*22 plants of each variety used. 44 plants of a variety of all others were used. 
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and cared for in the same manner, excepting it became necessary to 
stake the plants in the house. The plants were set 9 x 15 inches. 

Table I gives the results obtained when various varieties and strains 
of Asters {CalUsteplms chinensis) were grown under cloth and out 
of doors. 


TABLE II — Effkct of Cloth Housk on Miscellaneous Annuals 


Variety 

Period of 
Production 

Treatment 

Av. No. 
Flowers 
per Plant 

Av. Stem 
Length 
(Inches) 

Av. Flower 
Diameter 
(Inches) 


1931 





Centaur ea cyanus 

7/6-7/30 

Cloth 

33.4 

7.8 

1.26 



Open 

26.4 

5.4 

.95 

Scabiosa atropurpurea .... 

8/4r-10/4 

Cloth 

38.1 

15.8 

2.1 



Open 

26.0 

11.6 

l.S 

T fachy^ene raenilea 

8/4-10/4 

Cloth 


16.1 

2 0 


Open 

— 

6.2 

1.3 

Calendula officinalis 






Var. Orange 

7/13-8/3 

Cloth 

12.9 

20.3 

2.35 


1st crop 

Open 

15.0 

15.2 

1.90 


9/5-10/3 

1 Cloth 

4.4 

16.4 

2.70 


2d crop 

Open 

6.9 

9.9 

2.20 



Cloth 

17.3 

19.3 

2.4 

Total 

— 

Open 

21.9 

13.4 

1.9 

Calendula officinalis 


Cloth 

12.1 

19.6 

2..36 

Var. Gold 

7/13-8/3 

Open 


16.3 



XSu ClTOp 

9/5-10/3 

Cloth 

4.1 

14.9 



2d crop 

Open 

6.3 

11.2 




Cloth 

16.2 

18.3 

2.4 

Total 



Open 

19.3 

14.5 

2.0 

Tagetes erecta 






Var. Lemon 

7/0-9/25 

Cloth 

15.0 

12.2 

2.2 



Open 

.8 

6.0 

1.8 

Tagetes erecta 






Var. Orange 

7/9-9/25 

Cloth 

12.7 

14.5 

2.5 



Open 

2.5 

9.0 

1.8 

Zinnia elegans 

7/9/9-25 

Cloth 

17.2 

22.2 

2.9 



Open 

11.5 

12.4 

2.4 

Dahlia variabilis 






Var. Yellow Gem 

7/9-9/25 

Cloth 

66.3 

13.8 

2.0 



Open 

,4 

5. 

1.5 

Dahlia variabilis 

7/9-9/25 

Cloth 

59.6 

10.2 

1.5 

Var. Nellie Fraser 


Open 

3.0 

5.0 

1.5 


The Wisconsin strains are the result of selection work which has 
been carried on at the Wisconsin -Station by L. R. Jones. The seeds 
for these varieties were secured directly from him. The seeds of 
other varieties were furnished by George J. Ball, and the varieties 
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marked Bali Resistant ai*e strains selected by Dr. Jones but grown 
and selected for resistance by Mr. Ball for one year. 


TABLE III — Effect of Cloth House on Spike Flowered Annuals 


\*ariety, Production Time 

Treat- 

ment 

Av. No. 
Stems per 
Plant 

Av. Stem 
Length to 
Basal 
Flower 
(Inches) 

Av. Flower 
Spike from 
Basal Flower ! 
to Tip ' 

(Inches) 

Total 
Length of 
stem and 
Flower 
(Inches) 

Delphinium ajacis — Blue. . . 

Cloth 

11.2 

10.4 

6.9 

17.3 

7/13-8/18 

Open 

11.3 

8.9 

6.3 

15.2 

Delphinium ajacis — Pink. . . 

Cloth 

12.6 

10.7 

5.6 

16.3 

7/13-8/18 

Open 

15.8 

9.1 

5.4 

14.5 

Pentstemon gloxinioides 

Cloth 

1.1 

13.1 

17.5 

30.6 

8/30-9/21 

Open 

.8 

7.5 

8.0 

15.5 

Matthiola incana 

Cloth 

1.1 

8.3 

4.3 

12.6 

Bismarck, Lavender 

Open 

.5 

8.3 

4,5 

12.8 

Rose 

Cloth 

1.0 

9.2 

5.1 

14.3 

7/15-9/15 

A ntirrhinum majalis 

Var. Geneva Pink 

Open 

.3 

9.0 

5.4 

14.4 

1st crop-7/6-7/23 

Cloth 

7.0 

9.1 

6.2 

15.3 

Open 

5.3 

6.6 

4.1 

10.7 

2d crop-8/20-9 /22 

Cloth 

8.3 

12.0 

5.1 

17.1 

Open 

3.5 

8.9 

4.6 

13.5 

Tota 

Cloth 

15.3 

10.7 

5.3 

16.0 

Var. Ceylon Court 

Open 

8.3 

7.5 

4.3 

11.8 

1st crop— 7/16-7/23 

Cloth 

8.0 

9.0 

5.1 

14.1 

Open 

6.0 

6.1 

3.7 

9.8 

2d crop — 8/20-9/22 

i 

Cloth 

8.8 

11.9 

4.7 

16.(> 

Open 

3.3 

8.5 

4.4 

13.3 

Total 

Cloth 

16.8 

10.8 

4.9 

j 25.7 

Var. Cheviot Maid 

Open 

9.3 

7.0 

3.9 

10.9 

1st crop— 7/16-7/23 

Cloth 

8.2 

8.4 

5.3 

13.7 

Open 

Cloth 

8.1 

6.1 

3.7 

9.8 

2d crop— 8/9-9/22 

7.7 

12.6 

4,0 

16.6 

Open 

2.7 

7.3 

4.4 

11.7 

Total 

Cloth 

15.9 

11.4 

4.7 

16.1 

— : : — ^ : 

Ojpen 

10.8 

6.0 

I 3.9 

9.9 


The results show a decided variation in the resistance of varieties 
to wilt. Those selected for resistance to wilt were in the majority of 
cases more resistant than those which had not been selected. There 
was decidedly fewer wilted plants under cloth than in the open. 

The average stem length and flower diameter were much greater 
under the cloth protection. The average production per square foot 
under the cloth was also much greater than in the open. The returns 
per square foot of ground area were based on average returns from 
flowers sent to the Philadelphia and New York markets. The insects 
which caused considerable damage to the unshad^ plants were, the 
tarnished plant bug {Lygus pratensis), the aster blister beetle (Epi- 
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caiita pennsylvanica) and the leaf hopper {Cicadula sexnotata). The 
plants in the enclosures were protected from them. 

Miscellaneous Annuals 

Twenty-two plants of each of the following annuals were planted 
under cloth and in the open plot. Only three plants of each variety 
of dahlias 'were used. The average production per plant, stem length, 
and flower diameter are also indicated in Table II. 

It will be noticed that in all cases the length of stem and diameter 
of the flower were greatly increased when the plants were grown 
under the cloth protection. The average production per plant was in- 
creased in all cases excepting the Calendula. Here the quality of the 
flowers was much superior to those produced in the open. Calendulas, 
Trachymene, and Dahlias were particularly benefited. Zinnias and 
Tagetes were inclined to be soft-stemmed and the flowers would fre- 
quently break off from the stem. The tarnished plant bug stung prac- 
tically all the buds of Dahlias, Tagetes and Zinnias grown in the open. 

Forty-four plants of each variety of annual delphinium, twenty- 
two plants of Pentstemon gloxinioides, sixty plants of each variety 
of Matthiola incana, variety Bismark, and twenty plants of each 
variety of Antirrhinum were planted both under cloth and in the 
open in the following test. The average production per plant, aver- 
age stem length to the base of the flower head, the average length of 
the flower head and the total length of the flower and stem will be 
noted in Table III. 

The delphinium spikes were of superior quality when grown under 
cloth although the difference in length of spike was very slight. 
Pentstemon gloxinioides flowers remained on the stem much better 
under cloth than out of doors and the spikes were superior in quality. 
Matthiola incana and Antirrhinum majalis were much superior when 
grown under doth. The bees were not present under cloth to pol- 
linate the flowers and it was possible to obtain much longer flower 
spikes. 

Conclusions 

Fewer aster plants wilted when grown under cloth. The diamter of 
the flowers and length of spike, of spike-flowered plants, was greater 
from the plants grown under cloth. The length of stem of the flowers 
was increased when the plants, were grown under cloth. The cloth house 
prevented attacks of many insects. The quality of flowers of some 
varieties was superior to those grown in the open. Some varieties 
produced soft stems when grown under cloth. The cloth house has 
commercial possibilities for summer cut flowers, 
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The Effect on Gladioli of Heating tlie Soil with Electricity 

By S. L. Emswei-lkr, and J. R. Tavern etti. Uiihrrsily of 
California, Davis, Calif, 

JN California, Florida, and many of the southern states, gladioli 

corms can be planted outdoors in the fall and flowering spikes pro- 
duced in early spring. The time from planting to blooming varies 
with the variety, and to a considerable extent with the age of the 
corm. Corms that have been freshly dug will not begin to grow for 
6 to 12 weeks depending upon the length of the rest period. Corms 
in storage will usually show bud and root activity when the rest 
period is over and start growth immediately after planting. Con- 
siderable work has been done to devise methods of shortening this 
rest period. Loomis and Evans (1) state that high soil temperatures 
as well as storage at high temperatures were very effective. 

This paper gives results of the effects of heating the soil on yield 
and time of flowering of gladioli. Corms were planted 2 inches deep 
and 4 inches apart in rows spaced 1 foot apart. The varieties used 
were Prince of Wales and Shaylor. No. 1 corms were used in each 
case. Fifty-four corms of Prince of Wales and 36 of Shaylor w^ere 
planted in the heated plot and the same number in the unheated check 
plot. 

The tests were conducted in a coldframe. There was a 1-foot path- 
way between the heated and check plots. The heating element used 
was a special -soil heating wire. This wire was 43 feet long and con- 
sisted of a No. 22 resistance wire wrapped with 2 layers of asphalt 
saturated cotton and enclosed in a lead sheath 3/64 of an inch thick. 
The overall diameter of the cable was approximately 3/16 of an inch. 
The temperature in the plot was controlled by a bimetallic thermostat 
operating a relay switch. All of the heating equipment was operated 
on a 110-volt circuit. 

The heating wire was placed, in the soil at a depth of S inches mid- 
way between the rows of gladioli. This gave an artificial source of 
heat at approximately 6 inches from the row on each side. The total 
connected load for the plot, which was 6 feet by 7 feet or 42 square 
feet, was 507 watts or 12 watts per square foot. The heat added to 
the soil in one hour of operation was 1750 B.T.U. (436 large calories). 

The bimetallic coil operating the thermostat was approximately 10 
inches long and was enclosed in a copper tube which was placed ver- 
tically in the soil from the surface down. Thus the thermostat was 
controlled by the temperature in the top 10 inches of soil. 

The temperatures in the plots were taken by bulb type recording 
thermometers. The bulbs were 11 inches long and were placed ver- 
tically in the soil from the surface down so that the temperatures 
recorded were approximately the average of the top 11 inches of soil, 
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The heat was applied for 96 days (January 14 to April 20), and 
the total power consumption during that time was 533 kilowatt-hours, 


TABLE I — Power Consumption and Temperatures in Heated 
Plot of Gladioli 


Week 

■ Power 
Cons, 

Per cent 
of Time 
Heatera 
Were on 

Soil Temperature 
(Degrees F) 


Kw-hrs. 

Maximum 

Minimum 

Average 

January 






14r-26 

100 

68 



— 


26-1 

49 

58 

76 

70 

73 

February 






2—8 

48 

57 

75 

i 73 

74 

9-15 

29 

34 

76 

74 

75 

16-22 

9 

12 

73 

66 

69 

23-1 

54 

64 

79 

72 

75 

March 

2-8 

38 

45 

83 

74 

78 

9-15 

45 

53 

82 

73 

77 

16-22 

32 

38 

82 

73 

78 

23-29 

41 

48 

83 

75 

79 

30-6 

34 

40 

86 

74 

80 

April 






7-13 

33 

39 

86 

75 

81 

14-20 

21 

25 

83 

73 

78 

Total days 96 

533 

— 

— 

— 

- — 

Average 

— 

45 

80 

73 

77 


TABLE II — Soil Temperatures in Unheated Plot of Gladioli 


Week 

Soil Temperature 
(Degrees P) 

Minimum 
Air Tem- 
perature 
(Degrees P) 

Maximum 

Minimtim 

Average 

January 

19-26 

IlMHf 

47 

49 

42 

26-1 

55 

51 

53 

45 

February. 

1-8 : 

58 

54 

56 

47 

8-15 


56 

58 

48 

15-22 


54 

57 

44 

22-1 


55 

57 

42 

March 

1-8 

65 

58 

61 

41 

8-15. 

63 

58 

60 

46 

15-22 

66 

62 

64 

50 

22-29 

66 

61 

63 

48 

29-6 

69 

64 

66 

45 

April 

6-13 

72 

67 


I 48 

13-20 


70 

75 

47 



Average 

63 

58 

60 

46 


or an average of 5.55 kilowatt-hours per day. The heating element 
operated an average of 45 per cent of the time. 

The average maximum and minimum soil temperatures in the 
heated plot while the heating mechanism was connected were 80 de- 
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grees F. (26.6 degrees C.) and 73 degrees F, (22.8 degrees C.), 
respectively. The average maximum and minimum soil temperatures 
during the same period in the check plot were 63 degrees F. (17.2 
degrees C.) and 58 degrees. F. (14.4 degrees C.), respectively. The 
average minimum air temperature surrounding the plots w^a-s 46 de- 
grees F. (7.8 degrees C). 
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Fig. 1. Blooming period of gladioli in soil heating projects. 

The corms used were grown at Davis and were harvested the first 
week in November, They were stored in trays in a room in which 
the temperature was not controlled. All corms were planted on De- 
cember 15, 1930; the first heat was applied January 14, 1931. There 
was no appreciable root development at the time the heat was applied 
although a few small root protuberances were found. 

On February 8, all the corms in the heated plot had produced con- 
siderable leaf growth above the soil while in the check plot the leaves 
were just beginning to emerge. Growth in the heated plot was con- 
stantly in advance of the check plot as shown by Fig. 1. The color 
of the foliage in the heated plots at this time was a light green, but 
gradually became normal. The blooming periods are also shown in 
Fig. 1. In the heated plot the first flower of the Prince of Wales 
variety was open on April 22. In the check plot this variety did not 
begin blooming until May 8. By this time 90 per cent of the plants 
in the heated plot had bloomed. In the heated plot the first flower of 
the Shaylor variety* bloomed somewhat lafer thOT the Prince of Wales, 
the first flower opening on April 26, and in the check plot the first 
flower opened May 15. By this time 80 per cent of the plants in the 
heated plot had bloomed. 










Plate I.^The upper picture was taken on February 8; the lower on April 
28, The heated plot was consistently earlier in growth and flowering. 
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Oil May 15 all of the Prince of Wales plants in the heated plot had 
bloomed; but in the check plot blooming was not over until June 11. 
Similar results were obtained with the Shaylor variety. There was 
no appreciable difference in the quality of flowers produced in the 
heated and check plots. 


TABLE III— Yield of Corms and Cormels from Heated and Check Plots 


Variety 

Treatment 

* Number 
of Corms 

Average 
Weight 
of Corms 
(Grams) 

Weight of 
Cormels 
(Grams) 

Prince of Wales 

Heated 

62 

43.5 

260 


Check 

79 

27,0 

72 

Shaylor 

Heated 

41 

27.0 

232 


Check 

34 

22.0 

202 


The corms in the heated and check plots were dug and compared 
carefully to determine the effects of soil heating. While the number 
of corms was perhaps too small to place much significance on the re- 
sults, yet a few facts were consistent throughout. Table III shows 
that the heated plots produced larger corms and also a higher yield 
of cormels. This is particularly true of the Prince of Wales variety. 
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Forcing Plants With Artificial Light 

By G. H. PoESCH^ Ohio State University^ Columhns, Ohio. 

J^IGHT has long been known to be an important factor in influenc- 

ing vegetative and reproductive development in plants. This 
response of the plants toward light has been recognized by many 
workers. Adams (1) reported that with the use of long day plants^ 
the plants exposed the longest to light gava greatest average weight,, 
greatest average height and earliest flowering. This same writer in 
another paper (2) reported that by using continuous illumination 
from 700-watt lamps, he found that tulip and hyacinth developed 
their natural color. Garner and Allard (3) and Tincker (4) have 
done much work in determining the reaction of various plants to ad- 
ditional illumination. 

A series of tests using 75- and ISO-watt clear glass lamps were set up 
to supply the artificial light for cuttings, potted plants, annuals, and 
perennials. Over 70 different kinds of plants were worked with dur- 
ing the past season. In all cases 4 hours of additional illumination 
were given the plants. This was applied from 6 to 10 p. tn. each day. 

The lamps using 12-inch glass reflectors were suspended so that 
the plants were 18 inches below the light, and arranged to cover from 
12 to 15 square feet of bench space. When the lower wattage bulbs 
were used the space covered was reduced proportionately. The cost 
of electricity was figured at Columbus, Ohio, rates which amounted 
to 3 cents per kilowatt-hour. 

Results with Potted Plants 

Potted plants were grown under illumination from ISO-watt lamps. 
Calceolaria reacted very favorably to added illumination, a difference of 
42 days in earliness being obtained over that of the check plants. 
Plants were placed under test November 12 and the plants receiving 
additional illumination flowered February 12. The check plants 
flowered March 26. The cost of added light was 9 cents per plant. 

Iris tingitana, variety Wedgewood, was placed under additional 
illumination December 13 and flowered March 2. No difference in 
time of flowering was noted. Those under added light produced 97 
per cent bloom; whereas those in the check plots gave 47 per cent, 
showing a difference of 50 per cent in favor of additional light. The 
stem length was 3.5 inches longer under additional light. 

Cyclamen and primrose both responded to the additional illumina- 
tion treatment received in the late fall. The difference was recorded 
in the earliness of flowers and the size of the plant, but the differences 
secured do not warrant the treatment, from a commercial standpoint. 

Cineraria multiflora and stellata^ receiving 4 tioiirs of additional 
light, flowered from 8 to 20 days in advance of check plants. Muscari 
produced one spike per bulb more under light as compared with the 

402 



POESCH : ARTIFICIAL LIGHT FOR GREENHOUSE CROPS 


403 


check, but no diiference in time of flowering was obtained. The 
average stem length was 1.5 inches in favor of added light. 

No difference was obtained when Asparagus sprengerii and phi- 
mosus, Achyranthes brilliantissiim, Narcissus, Hyacinth, Pelar- 
gonium hortoruni, Liliuni harrisii, erabttj and longiflormn giganteum 
were placed under additional illumination in February and March. A 
difference would undoubtedly result in some of these plants if the 
experiment was carried on during December and January. Zante- 
deschia aethiopica gave no difference in production of flowers where 
light was added as compared with check plants. Freesias were de- 
cidedly retarded under added light. Those grown in normal da}’- 
length produced the largest number and longest stemmed flowers. 

Results with Bench Crops 

Carnations, White Matchless, were given additional light, using 
150-watt bulbs from November 4 to April 9. Four lamps were used 
to supply the additional light for ISO plants. There was no signifi- 
cant difference in flower diameter or stem length but there were 6.9 
flowers per plant in the check group as compared with 8.14 in the light. 

The increase in production under the additional light was from 
March 15 to May IS. After that time the check plot gained rapidly. 
A slight increase may be expected, but the greatest benefit derived 
froirt additional light is earliness. The cost of obtaining the addi- 
tional 1.24 flowers per plant was 6.4 cents. 

Results with x\nnuals 

Annuals were sown September 25 and benched December 4. Each 
plot received 4 hours of additional illumination. Ten 150-watt lamps 
covered 157 square feet of bench space, placed 4 feet apart and 15 
inches above the plant and raised from time to time as the plants 
grew. The results are given in Table L 

Many of the annuals responded to the additional light. The prac- 
ticability of the use of this additional light commercially depends upon 
the factor of cost. Under the tests conducted the additional expense 
for the electric current was 3.4 cents per square foot per 30 day month. 
The cost is low. Feverfew may be used as an illustration. The addi- 
tional cost of added light in the case of this crop was 8.3 cents per 
plant for the entire length of application, and the cost for each indi- 
vidual flowering stem is only .6 of a cent. This slight additional ex- 
pense is more than balanced by the higher price secured, due to the 
earliness of the crop so produced, particularly since it is marketed at a 
time when such flowers are not available under ordinary conditions 
of culture. Some of the annuals that responded very favorably were : 
Centaur ea cyanus, Centaurea imperialism Scabiosa, Didiscus, Schizan- 
thus. Feverfew, Annual Chrysanthemum, and Salpiglossis. 

When annuals such as Leptosyne mdritimn, Centaurea suat/eolens, 
Zinnia meManam and Callistephus hortensis var. Sunshine, were 
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planted September 18 in the bench plus 4 hours of additional illumi- 
nation, they flowered November IS. 

Results with Perennials 

Another test to determine the value of additional illumination was 
tried on a variety of perennials. The plants were removed from the 
field and placed in a greenhouse at 50 degrees F. on January 6. 
Eighteen 75-watt bulbs were the source of light, which covered 200 
square feet. The results are given in Table 11. 


TABLE III — ^Effect of Additional Illumination Upon Gladioli 


Crop 

Check 

Light 

1st 

Planting 

2nd 

Planting 

; 1 

3rd 

Planting 

1st 

Planting 

2nd 

Planting 

3rd 

Planting 

Halley 

10 

30 

90 

20 

10 

75 

Coleman 

55 

90 

35 

95 

95 

75 

Sunbeam 

115 

115 

75 

105 

115 

110 

Myrtle 

0 

60 

50 

70 

25 

50 

Pendleton 

75 

95 

70 

70 

80 

40 

Virginia 

5 

25 

55 

75 

120 

85 

Peachblossom 

— 

205 

— 

— 

180 

— 

Los Angeles 

0 1 

38 

— 

77 

60 

— 


It can be seen readily that Coreopsis grown as the check flowered 
only several days earlier than those grown out of doors, while those 
under added light flowered 31 days in advance of the check. The 
cost per flower was only ,05 cents each. Pansies flowered more freelv 
under light, producing 36 per cent more flowers. The quality and 
length of stem was also superior under additional illumination. 

Coreopsis, Gaillardia, Pansy, and Shasta Daisy were the best peren- 
nials for this purpose. Undoubtedly many other perennials might 
respond in a similar way. Two-year-old, field-grown plants should 
be used for forcing. 

The commercial value of small wattage electric lights for Gladioli 
is questionable. The conns were harvested early in the summer and 
were in good planting condition. Three separate plantings were 
made, October 25, November 15, and December 13. The 150-watt 
bulbs were used and applied when the spikes reached a height of 4 
inches. 

The percentage figures for the total number of plants which flow- 
ered is shown in Table III. 

The cost of using electric lights for Gladioli is too high for com- 
mercial purposes. Onl}^ three of the eight varieties responded to the 
addition of light. However, in the case of Los Angeles, light was of 
value as it gave 77 per cent as compared with 0 upder check, Coleman 
and Virginia responded to additional illumination. In, general, howr 
ever, the slight increase in prodiiction is not sufficient to equal the 
cost of electricity. 
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Flower Bud Differentiation in the Gladiolus^ 

By John V. Watkins, University of Florida, Gainesville, Fla, 

JN 1930 the author undertook to establish, through a histological 

study of the growing points of flowering size corms, the time in 
the life cycle of the gladiolus that flower buds are formed. 

Jones ( 6) reports that in Massachusetts flower primordia are dif- 
ferentiated, in the case of a flowering size corm, a few weeks after 
planting. Abbott (1) in his work on the Tung oil tree, has found that 
in Alachua County, Florida, differentiation may occur any time be- 
tween May 10 and October 1. The vigor of the trees and the soil 
moisture had a marked influence upon the time of differentiation. 
Bradford (2) reports a very wide range in the time of fruit and bud 
formation in the apple, as do Goff (4) and Drinkard (3) in the 
apple and other fruits. Isbell (5) and Shuhart (7) show that flower 
buds in the pecan are formed in the spring after growth starts. 

Source of Material and Technic 

The buds used in the histological work were collected from flower- 
ing size corms from the bulb lockers or gardens of the Horticul- 
tural Department of the University of Florida. 

Buds were collected as follows: (1) at digging time; (2) at one 
month intervals during the rest period; (3) immediately before cold 
storage; (4) immediately after cold storage; (5) at planting time, 
and (6) at weekly intervals from planting time to digging time. 

Simple histological technic was used in the work. After the buds 
were collected they were stored in 70 per cent alcohol until needed. 
They were dehydrated in alcohol, cleared in xylene, and embedded 
in paraffin. A rotary microtome was used to cut the sections, 10 
microns in thickness. Delafield’s haematoxylin proved satisfactory 
as a stain; 

Conclusions 

The histological studies of the gladiolus buds reveal that flower 
spikes are formed after growth has started during the current grow- 
ing season. There is no evidence that differentiation takes place 
either during the ripening process following anthesis or during the 
storage period following digging. After the rest period is complete 
and when growth starts, definite activity at the growing pdint can be 
seen, which the series of slides showed to be pre-differentiation stages. 
This pre-differentiation condition is characterized by a substantial 
broadening of the growing point, together with a lobing tbaf 

^Part of a thesis presented to the Graduate Council pf the Utdyersitj^ pj 
Florida, in partial fulfilment of the requirements for the de^CC of 
Science in Agriculture. 
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all probability, the first indication of the formation of the lowesi 
florets on the spike, which are the fii*st to form. 

In view of the fact that gladiolus conns may be planted at an}; 
month of the year in Florida, it cannot be said that the flower buds 
are formed at any definite season as it can with the tree crops. Be- 
cause some varieties require much less time to bloom than do others, 
and because high soil and air temperatures seem to diminish the 
time to bloom in all varieties, it cannot be said that a definite number 
of days elapses between planting and flower formation. 

The author feels that it is safe to say that flower bud differentiation 
in the gladiolus may occur shortly after growth has started during 
the current growing season. 

The amount of food stored in the corm, the length of the rest 
period previous to planting, the food and water supply, and the air 
and soil temperatures in all probability have a definite bearing upon 
the time of flower spike formation in the gladiolus. 

In one case, an inflorescence primordium was found in a bud of 
the variety Baron Jules Hulot after it had lain in the bulb locker for 
6 months. This corm sprouted in storage, indicating that the rest 
period had passed, but it had not been planted when the bud was col- 
lected for histological examination. This is the only case in the work 
that a flower spike was found before the corm had been planted. 

It was with this case in mind that the author attempted to deter- 
mine whether representative corms that were ready to grow, if given 
a constant water supply but no nutrients, would differentiate flower 
spikes. 

On March 15, 1931, six well-cured, flowering-size corms of the 
variety Mrs. Francis King were planted in a shallow pan of sphag- 
num moss so that 'the tops of the corms were just under the surface. 
The pan was placed in a sunny greenhouse bench and watered freely 
every day. Growth of the roots and leaves started at an early date 
and continued in a satisfactory manner, although the j>lants were, as 
one would anticipate, much weaker than plants grown under favor- 
able nutrient conditions. On April 26, 1931, when the leaves aver- 


Explanation of Plate L 

A. Typical condition of the growing point within a gladiolus but at the time 
of anthesis. The growing point is even in outline, unlobed, and compara- 
tively shiall in size. X 90. 

B- An Undifferentiated stage. Note a slight elongation and the first indica- 
tion of Idbing on either side of the growing point. This is typical of a 
donnant coiiin has been dug and stored for its period of rest. X 90. 

C. Situation after several months rest, but before active 

growth has been initiated. There i^,,y€|ry; little difference in the physical 
aspect of B as compared with C, aifto^h t|ie latter might be considered 
slightly further advanced. X 90. ‘ 

D. A growing point after active growth has commenced. There is substan- 
tial increase in size, and lobing is quite pronounced at this stage. There is 
no definite indication of the formation of a flower spike/but it is inter- 
preted as a typical pre-differentiation condition, X 9S, 
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aged about 18 inches in height, dissection failed to reveal flower 
spikes. Immediately the experiment was repeated, using the same 
type of corms of the varieties Mrs. Francis King and Niagara. Dis- 
section under a binocular in June, 1931, revealed immature flower 
spikes within the leaves. It is evident that these flowering-size corms 
contained sufficient food within themselves to support vegetative 
growth as well as flower spike formation. 

Souvenir, a primulinus hybrid variety that has a comparatively 
short interval from planting to blooming, showed well formed in- 
florescence primordia 23 days after growth had started. In all of the 
other samples used in the work, it was found that 30 days or more 
were required to produce a well defined primordial flower spike. 

The sections selected from some 200 slides were considered typical 
of different stages in the development of the inflorescence of the 
gladiolus and are herewith presented in Plates I and II in series to 
facilitate an understanding of this development. 
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Explanation of Plate II. 

A. Median section through a bud after the rest period has been completed 
and growth has been under way for some time. There is a definite elonga- 
tion of the primordial flower spike, while the lobes at its base are the first 
indications of flowers. 

B. A subsequent phase 'in the development of the primordial inflorescence. 
Note the newly formed flowers of the gladiolus spike. Differentiation has 
definitely occurred at this stage. X 100. 

G Typical unexpanded inflorescence after a corm has produced its typical 
number of leaves and is growing well. X 40. 

D. A typical gladiolus flower spike of later development. At this stage the 
spike can be found easily by dissection, and is visible to the naked eye. 
X 40. 



Factors Influencing the Flower Color of Hydrangeas^ 

By Raymond C. Allen, Cornell University, Ithaca, iV. K. 

^HE fact has long been known that varieties of Hydrangea macro- 
phylla DC. which normally produce pink flowers may under cer- 
tain conditions produce blue ones. This change in color was early 
attributed to some property of the soil, and much investigation has 
been carried on to determine what factor or factors are responsible 
for the variation, 

Sprengel (9) stated in 1817 that iron salts mixed with the soil in 
which hydrangeasi are growing changes the red color of the flowers to 
violet or blue. Schiibler (8) in 1821 analyzed a soil from the vicinity 
of Frankfurt which had the capacity to a marked degree to induce 
blue flowers. Since the analyses showed no greater content of iron 
than ordinary soil, he concluded that its effectiveness was due to its 
greater carbon and humus content. According to Schiibler, these 
two substances absorb the oxygen in the soil and under these condi- 
tions little oxygen is supplied through the roots resulting in a certain 
deoxidation which changes the pink color to blue. He further stated 
that other things such as iron which would become oxidized in the soil 
could bring about the same effect. In 1846 Donald (4) treated 
plants with phosphate of iron, sulphate of iron, alum, caustic potash, 
phosphate of magnesia, and carbonate of potash. Only one plant was 
used in each treatment. However, the plant that was treated with 
alum was the only one to produce blue flowers. 

Koch (6) as reviewed by Molisch (7) doubts that iron influences 
the production of blue flow^et;^ to any extent. In contrast to this 
view, Jager (5) as reviewed by Molisch (7) believes that iron and 
even alum quite definitely produce the blue coloring. Molisch (7) in 
1897 tested several natural soils obtained from various parts of 
Europe and also many substances reported to be effective in bring- 
ing about blue coloration. He found that alum, aluminum sulphate, 
and ferrous sulphate were able to produce the change in color. He 
also found that the soils in which hydrangeas produced blue flowers 
were acid, and concluded that their effectiveness was due to the 
greater solubility of aluminum and iron in an acid medium. Accord- 
ing to Molisch (7), if the plant is supplied with iron in excess of its 
physiological needs, small amounts of the inorganic iron reach the 
flower and react with the red anthocyanin to form a blue complex. 
In 1908 Vouk (10) showed that potassium alum was more effective 
than aluminum sulphate in producing the blue color. 

Atkins (1) in 1923 determined the hydrogen ion concentration of 
pink and of blue flowers, and since he found no distinguishable 
difference, concluded that the various cplors of hydrangea flowers 

^^Joint contribution from the Boyce Thompson Institute for Plant Research, 
Yonkers, New York, and Department of Floriculture and Ornamental Horti- 
culture, Cornell University, Ithaca, New York. 
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were not due to the natural pigment acting as an indicator. He 
analyzed pink and blue flowers for their iron content and found 
that the pink ones contained only six-tenths as much iron as the 
blue ones. He stated that the blue coloring brought about by the 
addition of alum and aluminum sulphate to the soil is due to the 
increased acidity and consequent liberation of iron. He further 
stated, however, that the aluminum as well as the iron may form 
a blue complex with the anthoc^-anin which is pink in the absence 
of excess of these salts. Connors (2, 3) in 1923 stated that in gen- 
eral where the pH value of the soil is 6.4 or higher, the flowers 
are pink: below pH 6.0, they are blue; and between pH 6.0 and 
pH 6.4, they are of intermediate hues. He pointed out that liming 
the soil is an effective way to maintain the pink color. He deduced 
from his studies with lime and other materials that ‘‘apparently 
neither iron nor alum will cause blue color in flowers of the 
hydrangea, but the acidity brought about because of the presence 
of iron and alum will tend to produce blue color/’ 

Since many diverse statements have been made concerning the 
cause of this change in the color of hydrangeas, further investiga- 
tion of the problem seemed pertinent. It is to be understood that 
this paper does not represent a completed project, but merely gives 
the progress to date. Many experiments are under way, and the 
problem is to be continued and extended to include all aspects of 
the subject. 

Effect of Light 

In order to determine whether light was necessary for the forma- 
tion of color in hydrangea flowers, light-proof caps were constructed 
on wire frames and placed over buds about 1 inch in diameter before 
any color appeared. The flowers were allowed to develop and when 
they reached full growth they were inspected. In contrast to the 
checks which were pink, the sepals of the covered flowers were found 
to be pure white. 

Effect of Inorganic Chemical Compounds 

In an endeavor to determine what substance or substances are re- 
sponsible for the change in color from pink to blue, solutions of sev- 
eral chemical compounds were sprayed onto flowers in different 
stages of development. It was found that wherever a dilute solution 
of aluminum sulphate was sprayed onto mature pink flowers, definite 
blue areas developed on the sepals. As a rule the blue areas were 
more or less restricted to the outer edge of the sepals. This is 
probably explained by the fact that the solution did not wet the 
sepal evenly but flowed to the edge and remained long enough for 
some to get into the pigment-containing tissue and effect a change 
in color. No such results were obtained when the flowers were 
sprayed with a dilute solution of sulphuric acid, ferrous sulphate, 
ferric chloride, or salts of certain other metals as copper, magn^ium^ 
and potassium. 
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^HE fact has long been known that varieties of Hydrangea macro- 
phylla DC. which normally produce pink flowers may under cer- 
tain conditions produce blue ones. This change in color was early 
attributed to some property of the soil, and much investigation has 
been carried on to determine what factor or factors are responsible 
for the variation. 

Sprengel (9) stated in 1817 that iron salts mixed with the soil in 
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tions little oxygen is supplied through the roots resulting in a certain 
deoxidation which changes the pink color to blue. He further stated 
that other things such as iron which would become oxidized in the soil 
could bring about the same effect. In 1846 Donald (4) treated 
plants with phosphate of iron, sulphate of iron, alum, caustic potash, 
phosphate of magnesia, and carbonate of potash. Only one plant was 
used in each treatment. However, the plant that was treated with 
alum was the only one to produce blue flowers. 

Koch (6) as reviewed by Molisch (7) doubts that iron influences 
the production of blue flower,s to any extent. In contrast to this 
view, Jager (5) as reviewed by Molisch (7) believes that iron and 
even alum quite definitely produce the blue coloring- Molisch ( 7) in 
1897 tested several natural soils obtained from various parts of 
Europe and also many substances reported to be effective in bring- 
ing about blue coloration. He found that alum, aluminum sulphate, 
and ferrous sulphate were able to produce the change in color. He 
also found that the -soils in which hydrangeas produced blue flowers 
were acid, and concluded that their effectiveness was due to the 
greater solubility of aluminum and iron in an acid medium. Accord- 
ing to Molisch (7), if the plant is supplied with iron in excess of its 
physiological needs, small amounts of the inorganic iron reach the 
flower and react with the red anthocyanin to form a blue complex. 
In 1908 Vouk (10) showed that potassium alum was more effective 
than aluminum sulphate in producing the blue color. 

Atkins (1) in 1923 determined the hydrogen ion concentration of 
pink and of blue flowers, and rince he found no distinguishable 
difference, concluded that the various colors of hydrangea flowers 

y^Joint contribution from the Boyce Thompson Institute for Plant Research, 
Yonkers, New York, and Department of Floriculture and Ornamental Horti- 
culture, Cornell University, Ithaca, New York. 
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were not due to the natural pigment acting as an indicator. He 
analyzed pink and blue flowers for their iron content and found 
that the pink ones contained only six-tenths as much iron as the 
blue ones. He stated that the blue coloring brought about by the 
addition of alum and aluminum sulphate to the soil is due to the 
increased acidity and consequent liberation of iron. He further 
stated, however, that the aluminum as well as the iron may form 
a blue complex with the anthocyanin which is pink in the absence 
of excess of these salts. Connors (2, 3) in 1923 stated that in gen- 
eral where the pH value of the soil is 6.4 or higher, the flowers 
are pink: below pH 6.0, the}" are blue; and between pH 6.0 and 
pH 6.4, they are of intermediate hues. He pointed out that liming 
the soil is an effective way to maintain the pink color. He deduced 
from his studies with lime and other materials that ‘'apparently 
neither iron nor alum will cause blue color in flowers of the 
hydrangea, but the acidity brought about because of the presence 
of iron and alum will tend to produce blue color.’’ 

Since many diverse statements have been made concerning the 
cause of this change in the color of hydrangeas, further investiga- 
tion of the problem seemed pertinent. It is to be understood that 
this paper does not represent a completed project, but merely gives 
the progress to date. Many experiments are under way, and the 
problem is to be continued and extended to include all aspects of 
the subject. 

Effect of Light 

In order to determine whether light was necessary for the forma- 
tion of color in hydrangea flowers, light-proof caps were constructed 
on wire frames and placed over buds about 1 inch in diameter before 
any color appeared. The flowers were allowed to develop and when 
they reached full growth they were inspected. In contrast to the 
checks which were pink, the sepals of the covered flowers were found 
to be pure white. 

Effect of Inorganic Chemical Compounds 

In an endeavor to determine what substance or substances are re- 
sponsible for the change in color from pink to blue, solutions of sev- 
eral chemical compounds were sprayed onto flowers in different 
stages of development. It was found that wherever a dilute solution 
of aluminum sulphate was sprayed onto mature pink flowers, definite 
blue areas developed on the sepals. As a rule the blue areas were 
more or less restricted to the outer edge of the sepals. This is 
probably explained by the fact that the solution did not wet the 
sepal evenly but flowed to the edge and remained long enough for 
some to get into the pigment-containing tissue and effect a change 
in color. No such results were obtained when the flowers were 
sprayed with a dilute solution of sulphuric acid, ferrous sulphate, 
ferric chloride, or salts of certain other metals as copper, magnesium, 
and potassium. 
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When buds were spra}’ed with aluminum sulphate before any color 
showed, the blue developed as the color began to appear. If buds 
which were to produce pink flowers were sprayed several times at 
intervals of a day or two apart, it was possible to obtain full grown 
flowers of fairly even blue color. Spraying mauve colored flowers 
with aluminum sulphate produced areas of clear blue around the 
edges of the sepals. 

It was thought that a more striking elfect might be obtained by in- 
jecting substances directly into the stem. This was done in two 
'ways, namely, with hypodermic needles connected by rubber tubing 
to an elevated reservoir, and by making an upward diagonal cut form- 
ing a tongue about inches long which was placed in a vial filled 
with solution. The hypodermic needle method was not as effective 
as the method in which a cut was made in the stem. The needles 
frequently became clogged and were not reliable in ejecting a con- 
stant flow of solution into the tissue. Making a cut in the stem and 
permitting the plant to take up the solution from a vial proved to be 
the most satisfactory method of getting materials into the plant. 

Aluminum sulphate, ferrous sulphate^ ferric chloride, and sul- 
phuric acid in dilute solutions were injected into flower stems of 
plants ■which normally produced pink flowers. It was observed that 
whenever aluminurh sulphate solution was used, intense blue colora- 
tion appeared in portions of pink flowers. None of the other solu- 
tions tried gave this result. If aluminum sulphate solution was in- 
jected about 6 inches below the flower head, only about half of the 
flower turned blue* The blue portion was always directly correlated 
with the side of the stem in which the cut was made. It was possible 
to obtain umbels completely blue by making a fairly deep cut near the 
base of the stem. 
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The Effect of Steaming the Soil on Yields of Carnations 

By S. W. Decker^ University of Illinois,, Urhana, IIL 

JT has been recognized for a long time that old carnation soils do 

not produce as well as new soils. Florists have found it profitable 
under ordinary conditions to renew the soil yearly. Workers at 
various experiment stations have been attempting to find a way of 
restoring the productiveness of used greenhouse soils. 

Weinard and Hall ( 1 ) state : “It is evident under ordinary condi- 
tions that carnation soils need to be changed each season if the high* 
est yields are to be maintained. This has been shown by experiments 
extending over a number of years."’ Their results (2) indicate that a 
reduction in yields of 10 to 20 per cent is to be expected from soils 
producing carnations for the second consecutive year. Soils produc- 
ing carnations for 3 or more consecutive years gave yields compar- 
able to 2-year old soil. Wiggin (3) and Conners (4), also report 
lower yields from old carnation soils. Wiggin (3) states: “At the 
Ohio Station it has been found that the decrease is more than equal 
to the cost of changing the soil.” 

In the studies here reported, all tests were run in the same house 
and under as uniform conditions as possible, except for the treat- 
ments. The old soils were allowed to lie idle from the latter part of 
June until the latter part of July, and the soil became very dry. The 
old soils were pulverized finely before steaming. The soil was treated 
for 2 hours by the inverted pan method, using steam at 5 pounds 
pressure. The soil in all parts of the bench reached a temperature of 
at least 195 degrees F. The steamed new soil was treated in a like 
manner shortly after being placed in the bench. After steaming, the 
fertilizers (organic and inorganic) were added, worked into the soil 
and the area watered before the plants were benched. 

The check plots consisted of new soil secured by turning under 
bluergrass sod and adding to it well rotted manure at the rate of 40 
tons to the acre. To this soil, after benching, were added 10 pounds 
of superphosphate and S pounds of blood to 100 square feet of bench. 
After the plants were benched, they were supplied with liquid fer- 
tilizers which carried mainly nitrogen. New soil, steamed, gave an 
average increase of 11 per cent over the checks. Second-year soil 
steamed and fertilized with inorganic fertilizers gave a yield on an 
average of 10 per cent more than the checks. Second-year soil, 
steamed and fertilized with well rotted manure gave a yield slightly 
below that of the checks, but considerably above that of the unsteamed 
second-year soil. The yield secured from Harvester in untreated 
second-year soil was unusually high. The yields from Early Rosfe 
and Spectrum were more in accord with previous 
yields for the three varieties pn 2-y^r smt were ab^ 
lower than that of the checks and approximated previous results., 

, , ' ' ■' '' ’ 413 , ■ , 



414 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

In 1930“31 the flower production from new and second-year 
steamed soils was equal to or better than that of the checks. The 
second-year unsteamed soil had no organic matter added in 1930-31. 
The results showed a slight decrease as compared with the checks. 

TABLE I — Flower Production of Carnations in Steamed and Unsteamed- 

Soils, 1930-1931 


Stem Flower 

Treatment No. No. Length Diameter 

Plants Flowers (Inches) (Inches) 

Variety Harvester 

Xew soil check *44 20.4±.54 14.4 2.79 

2-year soil 43 18,8±.30 15.4 2.65 

New soil steamed 127 21.3±.34 15,7 2.76 

2-year soil steamed 132 20.2 ±.26 15.3 2.73 

Variety Early Rose 

New soil check 35 20.4±.48 14,2 2.66 

2-year soil 30 22.1±.62 12.2 2.46 " 

New soil steamed 104 24.0±.38 14.S 2.o7 

2-year soil steamed 103 23.7±.34 14.1 2.61 

Variety Spectrum 

New soil check 44 19.2±.39 18.0 2.89 

2-year soil 45 1S.8±.36 17.4 2.92 

New soil steamed 135 20.1 ±.28 18.2 2.87 

2-year soil steamed. 134 21.1 ±.27 17.9 2.81 


The treatment most often given old greenhouse soils includes the 
liberal use of humus, usualh^^ applied m the form of well rotted 
manure. In the light of the limited data in Table I it seems likely 
that this practice may be wrong. If so, this explains the reduction 
in yields noted where rotted manure was used. 

Wiggin (2) states; ‘‘Although the plants in sterilized soil will not 
produce as many, or as long stemmed flowers as in new soil, still a 
good crop is possible if they are properly handled.’’ In the present 
studies the stem lengths on steamed soils were equal to those on new 
soils (Table I). While the average flower diameter on steamed soils 
was slightly below that on new soil, the difference was not significant. 

Smith (3) remarked that one of the effects of steaming a soil is 
the increasing of the concentration of the soil solution, probably by 
making more plant nutrients available. From this carnations in 
steamed soil might be expected to give a heavy production during the 
fore part of the season, only to fall off rapidly later. In practice, the 
curve of flower production was found to vary with different varieties 
under the same tr^tment. H for example, gave a nearly 

uniform monthly prcKiuction through March and then 

increased with the warm spring dayS, , Sp^rum showed a low 
monthly production during the fSl, with a h^riy uniform monthly 
production from January through May. Early Rose gave a more or 
less uniform production throughout the entire season. The seasonal 
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curve of flower production is illustrated in Fig. 1, This shows that in 
general the trend of monthly flower production was not altered by 
steaming the soil. 



Fig. 1. Monthly Yields from Carnations in Steamed and in Unsteamed Soils. 


Some have suggested steaming carnation soil for the prevention of 
stem rot. It is evident, however, that the losses due to transplanting 
and disease are influenced greatly by weather conditions. The aver- 
age losses in 1929-30 were 12 per cent and 2.7 per cent in 1930-31. 
The losses were practically uniform in all plots regardless of soil 
treatment, indicating that steaming does not insure against loss. 
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The Growth of Several Floricultural Crops on Limed and 

Acidified Soils 

By F. F. Weinard, and S. W. Decker, University of Illinois, 

Urbana, 111. 

■yKTIL recently there has been very little data available on the re- 
sponses of floricultural crops to differences in soil reaction. At 
the same time the interest of growers has been stimulated by refer- 
ences to work with other crops. In order to determine the results 
to be expected in soils varying in reaction within the range ordinarily 
found in the greenhouse, several common crops were grown in a 
bench of limed soil and compared with similar varieties grown in 
acidified soil. 

Two center benches in a 50-foot house were filled in July with a 
loam compost. The field soil had a pH value of 5.5, Superphosphate 
and dried blood were added, 10 pounds and S pounds respective!}', 
to 100 square feet of bench. At the same time, ground limestone 
was worked into the soil of one bench, at the rate of 10 pounds to 
100 square feet of bench, and sulfur was stirred into the soil in the 
opposite bench at the rate of 2 pounds to 100 square feet of bench. 
On August 15, about half a pound of lime w'as used in solution per 
100 square feet of bench. On December 18, the lime plots received 
5 pounds of ground limestone, and the acid plots half a pound of 
sulfur per 100 square feet of bench. During the growing season the 
reaction of the limed plots was pH 7.0 to 7.5, and that of the acidified 
plots were pH 5.5 to 5.0. The reaction was measured colorimetrically. 

Chrysanthemums, snapdragons, carnations, calendulas and forget- 
me-nots were grown on the plots described. Freesias and coleus were 
grown under similar conditions. 

Chrysanthemums. Five plants each of ten varieties of chrysanthe- 
mums were planted on each bench in July, Five of the varieties were 
grown five stems to a plant, and the remainder were not disbudded. 
At the time of cutting, November 8, no consistent differences were 
found in the growth of the different varieties. The average height 
of the plants on each bench was about 20 inches. 

Smpdragons. Six to eighteen plants each of five varieties of snap- 
dragons were grown, 66 plants in each soil series, following the 
Ghrysanthemums. An average of 6.7 spikes per plant were cut on 
the limed plot, and 6.3 spikes per plant on the acid plot. There were 
no strildi:^ or consis^^ differences in growth or flowering in the 
differ^ ^ y^eiies/ ;; .■ ' ^ \ , 

Carnations, Ohe were set in each bench. 

There were 5 plants each of IS ^ of Harvester and 

15 of Spectrum. A record was cut from the 

middle of October through April. There consistent dif- 

ferences in the number of flowers produced by the different varieties 
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on the limed as compared with the acid soil. The average cut per 
plant on the limed soil was 14.7 flowers, and on the acid soil, 14,3 
flowers. The stems appeared to be slightly stronger on the limed soil. 

Calendulas, Thirty-two plants of Ball s Orange and Ball's Gold 
were grown on each soil series. From December 5 through March, 
an average of 10.1 flowers were cut from the plants on the limed 
plot, and 9.3 flowers from the plants on the acid soil. The flowers 
were of equally good quality on the two plots. 

Forget-me-nots, Eight plants of Myosotis, var. Blue Bird, were 
planted on each plot. The plants bloomed well on both plots, but 
those on the acid soil began to bloom about 10 days earlier than those 
on the limed soil. 

Freesias. Six feet of each bench were planted with freesias. The 
soils in this instance were 2 years old, with reactions of pH 8.0 and 
pH 5.0 respectively. The freesias grew and flowered equally well 
on the two plots, producing blooms of good commercial quality. 

Coleus, In a previous experiment, 12 coleus plants of 4 varieties 
were grown without pinching in soils testing about pH 7.0 and pH 4.0. 
When measured on June 30, those on the neutral soil averaged 17 
inches in height, and those on the acid soil, 16 inches. The average 
green weight of the plants on the neutral soil was 173 grams, and of 
the plants on the acid soil, 157 grams. 

The results obtained in these trials indicate that the common flower 
crops will gi"ow and produce the usual number of commercial blooms 
within a range of soil reaction of pH 7.5 to pH 5.0. Most green- 
house soils vary within these limits. These results are in general 
agreement with those obtained by Wiggin and Gourley (1). They 
found that soil reactions between pH 8.0 and 5.0 had little or no 
effect on chrysanthemums and carnations. Snapdragons and calen- 
dulas seemed somewhat more sensitive, slight differences lieing re- 
ported in favor of reactions near the neutral point. Carnations gave 
slightly stiff er stems where lime was used. Coleus was reported to 
do best on slightly acid soil. 
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Summer Flowering Phloxes 

By A. M. S. Pridham,, Cornell University, Ithaca, N, Y. 

^HERE are two general classes of summer flowering phloxes, the 
early or Phlox suffruficosa types and the late or P, decnssata 
types. 

It is difficult to cite with certainty the first horticultural record of 
phloxes. Phlox paniciilata was of sufficient importance during the 
early colonial days to be given the name of Sawpit flower. The name 
Lychnidea was used by Plukenet (T9) in 17(M and remained the 
common name for some time after Linnaeus applied the name Phlox 
to the genus. 

Miller’s first record of phlox was in the 1735 edition of his ‘'Gar- 
den and Botanical Directory” (16). Lychnidea was differentiated 
from Lychnis and two species described. Miller gave directions for 
cultivating phlox in borders and in pots, and stated that the plants 
did not produce seed in England. The flowers were cut for basins 
or flower pots to adorn chimney pieces and halls. 

The commercial importation of phlox took place largely through 
Peter Collinson, who received regular shipments of American plants 
from John Bartram (6) and from Dr. Witt. Collinson also supplied 
botanists with specimens. His garden notes were used by Dillwyn 
(8) as the basis for “Hortus Collinsonianus.” 

During the latter part of the eighteenth century John Fraser of 
Sloane Square, England, made several expeditions to America and 
introduced P. siiffruticosa and a number of the spring flowering 
species. Following is a summary of the early period of importation 


of phlox species to Europe (1, 

5, 8,16, 24). 


Species 

Date of 
Importation 

Culivated by 

Common Name 

P. Carolina 

before 1728 

Cowell 


P. glabberrima 

1731 

Miller 

smooth leafed phlox 

P. paniculata 

1732 

Sherard 

panicled phlox 

P. mactilaia 

1740 

Collinson 

spotted stalked phlox 

P. divaricata 

1740 

Collinson 

early flowering 

P. scabra 

1759 

Miller 

blue phlox 
hairy leafed phlox 

P. ovata 

1759 

Miller 

oval leafed phlox 

P. undulata 

1759 

Miller 

waved leaf phlox 

P. smveolens 

1766 

Collinson . 

white flowered phlox 

P, amoem 

1786 

Fraser 

P. setacea 

'' ^ 1786''::- 


fine leafed phlox 

P. subulata 

1786 


awl leafed phlox 

P, prostrata 

1792 

:?v: ■ 

. trailing phlox 

P. stolonifera 

1800 

Fraser 

creeping phlox 
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P. pyrarnidalis 

1800 

Lee & Kennedy pvramidal phlox 

P. pilosa 

1806 

Fraser 


P. acuminata 

1812 

Lyon 

cross leafed phlox 




P. decussata 

P. macrophylla 

1829 

Lemon 

see P. acuminata 


The earliest hybrids appear to have occurred in nature for Bar- 
tram (6) described one: ‘T have another wild one speckled and 
striped on a white ground and which has a red eye in the middle, the 
only one I have ever seen/’ 

Collinson also had a form of P. pauiculata. Sweet described a 
variety of P. suave olens called carnea, grown by Fraser in 1827, 
and claimed by Nuttall to be native to America. Dickson (7) cata- 
logued (1827) a form of P, snaveolens with variegated leaves. 

The first hybrids raised in Europe were P. pankidata. The varie- 
ties, P. Shephardii and P. Wheelerii, were both grown as early as 
1824 (13, 14, 18) and were doubtless introduced by S. Shephard of 
Bedford (5, 20) and G. Wheeler of Warminster (5, 20,) respectively. 
The latter had a large collection of phlox and introduced the varieties 
P. Wheelerii elegans and P. Wheelerii latifolia in 1837. 

Sweet (22) considered P. refiexa to be a hybrid between P. suf- 
friiticosa x P. pyrainidalis, (Wheeler, 1823). P. Coldryaua, raised 
before 1835 by (3oldry (15) of the Bristol nurseries, was a seedling 
of P. cordata (P. panicidata ) ; it was widely distributed in 
Europe and also in America. The hybrid P. cordata omniflora was 
also of British origin and very hardy. 

In 1838 Rodigas of St. Trend, Belgium, raised the first really 
striped phlox from a cross of P. suave olens x P. Carolina ? and 
named it in honor of his associate L. Van Houtte, who, in 1840 pur- 
chased the variety for 1,200 francs (11). This purchase stimulated 
the naming of phlox seedlings and encouraged many growers to turn 
their attention to this flower. In spite of this sudden burst of en- 
thusiasm the variety did not always receive the highest of commenda- 
tion, A writer in Berlin states that Van Houtteii was not superior to, 
or more popular than, the variety Princess Marianna ( Van CJavers 
1838). In America, Carter’s Frelinghysen (1844) and Breckii (Brack 
1837) were considered of equal merit, but enjoyed a briefer popu- 
larity, for the European varieties outnumbered the American. 

Rodigas continued to introduce phloxes and was described by 
Hovey (10) as the greatest of ail phlox breeders, and as raising 
30, OCX) seedlings. There is definite record of over 70 named varieties 
of his raising ; the most important of these were Van Houtteii, Rodi- 
gasii, and Leopoldiana. This last is recorded as the first cross be- 
tween P. drunmmndi and the perennial type, in this case the variety 
Van 'Houtteii. 

The French were particularly interest^ in P. pyranudeiis x P<i 
decussata hybrids. The varieties Charles (Pele 1844) and Cointes^ 
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de Beileval (Mezard 1850) are important. Lierval had some 10,000 
seedlings of P, decussata by 1848 and in 1860 was raising over 
100,000 seedlings each year. It was not till 1850 that his varieties 
were considered superior to those of Fontaine. 

By the middle of the century it was evident that, in spite of the 
size, beauty and continuity of the bloom, the inherent lack of vigor 
and hardiness of the suffruticosa types made them unsuitable for 
general culture. Most of the varieties grew poorly on sandy soil 
and the literature of the time (2, 4, 11,) contains many suggestions 
on the proper preparation of the soil for phloxes. 

Lierval (12) became interested in the P. decussata hybrids in 1839 
and devoted his efforts to their improvement through artificial pollina- 
tion. In 1866 he published “Culture Pratique des Phlox,” which 
describes in detail the culture, breeding, and ideal types of phlox, 
citing numerous examples of each. 

Of the many varieties introduced between 1850 and 1875, Crepus- 
cule (Fontaine) is still common in our gardens though La Candeur 
(Lierval), Bicolor (Rodigas), Amph 3 d:rion (Rodigas), Magnificence 
(Fontaine), Belle Pyramid (Rendatler), Dugueschlin (Lemoine), 
and Fernand Cortes (Lemoine) are still to be found in the trade. 

After the death of Lierval in the Franco-Prussian war, interest in 
phlox shifted to the south of France- where Chretien originated a 
dwarf type of P, decussata. In 1875 Crozy introduced six dwarf 
varieties raised by Denis from the old variety Gloire de Lyon. 

Dwarf varieties of any type were very popular. Lemoine (23) 
developed a race of P. suffruticosa adapted to treatment as an annual 
and raised from seed. Comtesse de Jarnac (21) was a mutant secured 
by Courin 1890 from a named variety on which it developed as a 
side branch. Its dwarf habit is due to the numerous white blotches 
characteristic of its foliage. Ferdinand Lahaye (Gerbeau) was ob- 
tained from seed and though its foliage was strongly mottled in the 
young plants, it became normal green at maturity. Gloire de Orleans 
is another variety of this general class. 

In America the initial plantings were doubtless made in the early 
colonial gardens of Virginia and Carolina. Following the period of 
importation of phlox species to Europe, Botanical gardens were 
founded at Philadelphia, Charleston, New York, and Cambridge. The 
records of these gardens in the early nineteenth century contain sev- 
eral references to phlox. The most complete list, published by Muhlen- 
berg (17) in 1813, includes eighteen species. 

As early as 1820 European hybrids were imported by American 
nurserymen, Prince Buist, and Hovey among the leaders. Joseph 
Breck (3) and William Carter and introduced seedlings of P. 
paniciilata as early as 1837 ahd Breck had raised several 

thousand seedlings of which about ^ We^e introduced into the Ameri- 
can trade. Of these early introductions Bteifej (Breck), Frelinghy- 
sen (Carter), Henr}" Clay (Carter), and Perfection (Breck) were 
the most important. 
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European varieties have always played the greater role in the 
American trade (9). R. P. Struthers (Rea) is one of the few 
American varieties to be generally grown. Riverston Jewell (Dreer), 
Debs, Maid Marion, and Ruby, all Thurlow introductions, are also 
well known. Massachusetts remains the center of interest in phlox 
breeding, though Fryer, in Minnesota, and Andrews in Colorado have 
introduced a number of varieties. Schmeiske, of Kirkwood, New 
York, has combined the disease-free growth and the flowering habit 
of the dwarf varieties with the taller and more abundant growth of 
the P. decussata hybrids, the varieties Mrs. Plarcling and Mrs. Far- 
rand are particularly outstanding. 

The majority of the foreign varieties in the present American trade 
are from Lemoine, Pfitzer, Ruys, Goos and Koenemann, Arends, 
Jones, and Aldersey. 

A list of the early American varieties is given below’: 


V ariety 

Originator 

Date Color 

Eye 

Alata Alba 

Carter 

1838 white 


America 

Breck 

1856 blush 

peach blossom 

Azurea compacta Ellw.& Bv. 

1867 white 

purple 

Blanche 

Hovey 

1852 white 

pencilled 

Breckii 

Breck 

1837 white 

red 

Carnea 

Carter 

1845 incarnate 


Carterii 

Carter 

1838 white 


Estella 

Walker 

1844 lilac purple 


Florence 

Hovey 

1852 blush 

carmine 

Frelinghysen 

Carter 

1844 striped 


Gem 

Hovey 

1852 rose 

light 

Grandiflora 

Breck 

1852 lavender 

Harrisonii 

Carter 

1840 white 


Henry Clay 

Carter 

1844 dark penciled 


Lawrencia 

Carter 

1852 white 


Mrs. Breck 

Breck 

1856 red 

deep eye 

Mrs. Buist 

Buist 

1857 white 

Mrs. Webster 

Breck 

1853 white 


Perfection 

Breck 

1852 white, striped 
and edged red 

Resplendent 

Hovey 

1854 rose 


Richardsonii 

Richardson's 

Richardson 1842 r^ 


Purple 

Richardson's 

Richardson 1844 purple 


Crimson 

Richardson 1844 crimson 


Russelliana 

Garter 

1844 


Striata albicans 

Ellw.& By. 

1867 white 

purple striped 

Striatiflora 

Carter 

1843 striped 

Variegata 

Breck 

1^52 


Wilderii 

Breck 

1851 dark red 
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Peony Fertilizers and Cutting Methods 

By S. W. Decker and F. F. Weinard, University of Illinois, 

Urhana, III 

Fertilizer Experiment 

^HE growing of peonies for cut flowers has become an important 
industry in southern Illinois and Indiana and to a lesser extent in 
the vicinity of the larger cities. Tlie growers are confronted with 
the problem of the proper fertilizers to use. In order to aid in secur- 
ing information, a fertilizer experiment was outlined. 

An area of fertile brown silt loam was prepared for a peony planta- 
tion during the summer of 1925. On one section a cover crop was 
grown and plowed under in early fall. The remainder of the area 
received well rotted manure at the rate of 20 tons to the acre. 

On November 10 and 11 one row each of seven varieties of peonies 
were planted in rows 4 feet apart, with plants at 3-foot intervals. 
The plants were selected for uniformity from a 1 -year-old plantation. 
Fertilizer plots were laid out at right angles to these rows so as to 
contain 4 or 5 plants of a variety in a plot and with three plants of a 
variety between plots. The center plant in the area between plots 
was used as a check. 

Plots 1 to 5, inclusive, received manure in 1925, while plots 6, 7, 
and 8 had a cover crop plowed under. Fertilizers were applied an- 
nually to all plots, except 6 and 7, about the time growth started. 
The fertilizers were broadcast within a radius of 12 to 15 inches 
about the plants and worked into the soil. The annual applications 
per acre were as follows : 

Plot 1 Well rotted manure, 20 tons 
Plot 2 Well rotted manure, 20 tons 
Steamed bone, 500 pounds 
Plot 3 Steamed bone, 500 pounds 
Sodium nitrate, 200 pounds 

Plot 4 Sodium nitrate, 200 pounds • 

Superphosphate, 750 pounds 
Plot 5 A 4-inch mulch of straw manure each fall. 

Not removed 

Plot 6 No treatment after cover crop was plowed under 
Plot 7 Steamed bone, 500 pounds 
Sodium nitrate, 200 pounds 
Plot 8 Steamed bone, 500 pounds 
Sodium nitrate, 200 pounds 
Potassium sulfate, 200 pounds. 

In the spring of 1926 all buds were removed so as to throw ^ 
strength of the plants into vegetative ^owth. In 1927, 28 per cent df 
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the plants flowered, producing an average of seven blooms. The 
plants which flowered were scattered throughout the plantation. 

During the first few years of the experiment, nitrate of soda had a 
noticeable effect in improving the size and the color of the foliage. 
Manure had a similar effect, but where it was used freely there was 
excess of foliage, inferior flowers, weak steins and a tendency for the 
stems to rot at the base. 


TABLE I — Shoot Growth and Flower Production of Peonies with 
Different Fertilizer Treatments 


Ploti 

Shoots per Plant 

Flowers per Plant 

192S-’ 

1929 

1930 

1931 

192S 

1929 

1030 

1031 

1 

24.7 

28.1 

28.0 

30,7 

11.8 

18.9 

12.6 

19.7 

2 

24.0 

32.9 

28.2 

28.5 

12.3 

26.2 

ii.r 

20.2 

3 

29.5 

30.9 

31.1 

34.0 

11.4 

25.2 

11.9 

23.8 

4 

29.9 

30.0 

35,7 

36.7 

14.2 

24.1 

15.0 

24.5 

5 

28.3 

37 3 

36.2 

38.4 

9.0 

26.4 

11,6 

22.2 

t) 

25.3 

29.1 

29.3 

32.2 

16.9 

21.7 

18.6 

26.1 

7 

23.7 

28.3 

25.2 

27.5 

9.8 

19.1 

11.7 

19.3 

8 

23.0 

25.7 

21.5 

26.0 

11.4 

19.6 

13.5 

22.9 

Check 

22.7 

27.9 

28.5 

30.9 

12.1 j 

23.8 i 

16.3 

23.9 


>Plots 1 to T), inclusive, received an application of manure, 20 tons to the acre, before planting. 
Plots 6, 7 and 8 had a coxier crop plowed under before planting. 

-Average for five x'arieties instead of seven. 


Plots 3 and 4, which received nitrate of soda, and plot S, which 
received a strawy mulch in the fall, showed a stronger vegetative 
growth than the checks (Table I). The other plots varied slightly, 
but not consistently nor significantly from the checks. The average 
yields of blooms from plots 3, 4, and 5, however, were less than the 
average from the checks (Table I), The heavy manure mulch (plot 
5) caused rapid spring growth, weak stems and poor flowers. 

The differences from season to season between the average yields 
from the several treatments were inconsistent. xAverage results for 
four seasons showed yields from the untreated plots as high as or 
higher than the yields from any of the fertilizer treatments. These 
results indicate that peonies planted on a fertile soil are not likely to 
respond profitably to applications of fertilfeer for some years at least. 

Cutting Experiment 

A cutting experiment was started because there was little informa- 
tion available on the effects of heavy cutting on the health and vigor 
pf the plants. 

In the fall of 1924 a commercial planting of seven varieties com- 
monly grown for made in a fertile brown silt loam 

soil. The plants w^e set ih rows' fqffi feet apart and 3 feet apart in 
the row. They were allowed to grow hmmally until the spring of 
1927 when the cutting experiment was hegnlEii", No fertilizers were 
used after the peonies were planted. 

Four plants of a variety. ^ plants in all, were cut so that one-half 
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of the shoots on each plant were cut to the ground. In another plot 
of equal size, all of the shoots on each plant were cut so as to leave 
three leaves on each shoot. The yields from these plots were com- 
pared to the yields from a plot of equal size from which no blooms 
were cut. 



Fig. i, i^ower production of peonies with different methods of cutting. 


At the begimung of the experiment the plants in the different plots 
were practically uniform in size. The total number of shoots w^e 
reduced some by cutting as compared to plants wtere no bloptns were 
cut, but this reduction was not so great as might be expected. 

A study of flower productibn, however, show^ tlmt both cutting 
methods reduced the average number of blooms per plant. Cutting 
all shoots, leaving three leaves to iile shoot, reduced flower production 
to a greater extent than when one-half of the shoots were cut to the 
ground. 

A larger number of flowers were harvested where, all of the shoots 
were cut, as compared with plants from wbidj the shoots 

were cut, but the stems were shorty* There w great diff etwees 
in the vigor of the plants iiii the t^^ Commercially these 
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methods should be modified to meet the demands of the markets for 
stem length. 

No differences were noted in the quality of blooms produced by 
plants of the same variety in the different plots. Varieties differed 
greatly in flower and shoot production. Flower production at the be- 
ginning of the experiment, varied from 9 to 24 blooms per plant with 
the variety. In 1931 the yields of different varieties in the check plot 
were 20 to 34 blooms per plant. 



Peonies vary in flower production from season to season (Fig. 1). 
In the spring of 1929 flower production was high. This was followed 
by a much lower production in 1930, due principally to a late frost 
that kilM many of the buds. 

^^^ardless of treatment, produced more flowers in 
1931 than at the experiment in 1927 (Fig. 2). 

Variefe varied considerably The average increase for 

■ the/che^. .plot': was 86'per''Ceni^%jt^^|^ of the 'shoots cut/' 

the increases^ wer€5''S^',a^® cent respectively, 
the did not seem to make the plants 

more subject to disease. No ill effects were noted froth cutting stems 
at the surface of the ground. 





The Use of Washed Sand as a Substitute for Soil in 
Greenhouse Culture 

By Alex Laurie^ Ohio State University, Columbus, Ohio 

^HE laboratory technique for the determination of the needed 
elements for plant nutrition was developed through the initial 
efforts of Sachs, Knop and Nobbe (1859-1865), although the earliest 
recorded experiment with water cultures dates back to the work of 
Woodward (1699). In more recent times, Schrimper, Pfeifer, Crone, 
Hoagland and others have contributed a great deal to our sum total 
of knowledge relative to nutrient solutions and their use. A com- 
parative study of sand and water cultures as media for plant growth 
was made by McCall, Hall, Shive, Bakke, Hoagland and others and 
the concensus of opinion seems to be that sand furnishes a medium 
more comparable to actual soil conditions than water. Practically all 
investigators agree that growth of roots is more profuse in sand 
than in unaerated water, a fact which has been generally attributed 
to the greater aeration in sand. 

Pember and Adams (1921) studying the influence of physical fac- 
tors and various fertilizer chemicals on the growth of carnations, 
found that these plants grown in sand, to which nitrogen, potassium, 
and phosphorus were added, produced a greater number of first qual- 
ity flowers than those in soil to which similar chemicals and manure 
wrere applied. Likewise, additions of commercial peat to sand affected 
the plots beneficially, a fact which these workers believed to be due 
to the prevention of excessive leaching of the added nutrients. 

More recently Nightingale and Connors working in New Jersey 
with carnations and roses, have shown the feasibility of the use of 
sand together with nutrients in place of a soil medium. Their results 
apparently justify the claim that sand may be used as a substitute 
for soil in commercial practice. 

Bearing these results in mind and recognizing the difficulties at- 
tendant to recommendations for fertilizer treatments in varying soil 
media, the writer started a series of tests with sand cultures in 1928 
using snapdragons, carnations, sweet peas and a number of bedding 
plants. These preliminary tests indicated the possibilities which lay 
ahead. In 1929, 1930, and 1931 a number of experirnents were 
started at Ohio State University, using washed sand in benches and 
pots. In place of using nutrient solutions, the chemicals were applied 
in dried form in order to approximate as closely as possible present 
commercial practices. When planted in benches or in pots the soil was 
washed from the roots of the plants to eliminate any organic matter 
as well as the influence of the nutrients contained in the soiL However 
a series of plots were also run with Snapdragon and Calendula from 
roots of which soil was not washed. Apparently there was not the 
slightest difference in the ultimate results secured. The small amount 

■ '■ 427 '' ' ' ■ 
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of soil (2j4“inch pots) had no advantage over the washed roots. 
This fact was established primarih’ in order to facilitate the handling 
of such stock in commercial practice. 

Table I indicates results secured in one of the earlier tests with 
calendulas. 


TABLE I — Comparison of Soil and Sand Media for Calendulas 




Av. No. 

Stem 

Diameter 

Treatment 

Variety 

Flowers 

Length 

(Inches) 

of Flower 

per Plant 

(Inches,) 

Sand -{-4-12-4 (weekly) . . . 

Imperial Gold 

5.10 

16.9 

3,1 

Imperial Orange 

4.95 

15.3 

2.0 

Soil H-4-12-4 (weekly) .... 

Imperial Gold 

4.18 

16.01 

2.S 

Imperial Orange 

4.95 

13.2 

2.4 


Imperial Gold showed a decided increase in production in sand as 
well as a slight increase in stem length and size of flower. In Im- 
perial Orange the difference was most marked in stem length. The 
stiffness of the stem as well as the keeping qualities of the crops in 
sand and soil did not differ. 

Another series of tests were started in December 1930. using the 
following annuals, namely, Schizanthus, Snapdragons, Calendulas, 
Stocks, and Larkspur. All these w^ere planted from 2j/44nch pots. 
The medium used was washed bank sand. xApplications of fei'tilizers 
were made at the rate of 4 pounds per 100 square feet of bench space, 
at weekly intervals, with the exception of 15-30-15, which was ap- 
plied at one-half the above rate. The results are shown in Table II. 

The results secured from Schizanthus and Larkspur plots were 
based on the check as 100 since it was difficult to keep accurate 
records of these two plants. It will be noted that in general the first 
eight plots showed a decided increase in growth and production over 
the balance. This might be attributed to the presence of humus. The 
response of the different types of plants was varied but in general the 
reaction to fertilizer applications was satisfactory. Sedge peat gave 
better results in practically all cases than sphagnum peat, due to the 
higher nitrogen content of the former and its further stage of 
decomposition. Fresh manure checked the growth during the early 
Stages, due to the bacterial action in decomposition which deprived 
the plants of needed nutrients. Later normal growth developed. The 
pure sand plots to which fertilizers containing organic nitrogen were 
applied gave the best results (Plots 9 and 10). 

During the present season (1931) a series of comprehensive tests 
were started with chrysanthemums, carnations, snapdragons, calen- 
dulas, stocks, dnerariaSj primroses, calla lilies, tulips, narcissi, hy- 
drangeas, asparagus sprengeri, and others.; ; , 

Table III indicates the plots used and the y^splts obtained with 
chrysanthemums. Silver Sheen and Gladys Pearsqh varieties were 
spaced 8 inches each way in benches, filled with media 5 inches deep. 


TABLE II— Response of Annuals in Bank Sand to Fertilizer Application 
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The ratios of nutrients indicated were applied at weekly intervals 
until the flowers showed color. Two stems were grown to a plant. 
Ammonium sulphate, superphosphate (45 per cent), and potassium 
chloride were used in making the varying mixtures. 


TABLE III — Results with Chrysanthemums 


Treatment 

Silver Sheen 

Gladys Pearson 

Stem 

Length 

Diameter 
of Flower 

Stem 

Length 

Diameter 
of Flower 

Sand, Sacco 

35.4 

4.8 

50 

5.4 

Sand, Vigoro 

36.1 

4.1 

46.5 

5.08 

Sand, 1-2-6 

36.8 

4.5 

45.1 

5.6 

Sand, 1-2-4 

36.3 

4.7 

50 

5.6 

Sand, 1-2-2 

37.4 

5 

50.8 

5.5 

Sand, 4-2-1 

35.6 

5 

45.8 

5.3 

Sand, 3—2—1 

36.2 

4.S 

45.9 

5,3 

Sand, 2—2—1 

38.7 

4.8 

48.8 

5.5 

Sand, 1-6-1 

37.5 

4.8 

50.7 

5.7 

Sand, 1-4-1 

38.8 

5 

50.2 

5.8 

Sand, 1-2-1 

39.3 

4.9 

50.8 

5.8 

Sand, peat 

37.3 

5 

50.6 

5.6 

Son 

34.8 

4.0 

45.9 

5.6 

Sand, peat, Sacco 

34.4 

4.4 

47.2 

5.6 

Sand, peat, Vigoro 

34.7 

4.6 

38.3 

5.3 

Sand, peat, 1-2-6 

34.2 

4.4 

45 

5.8 

Sand, peat, 1-2-4 

34.1 

4.7 

44.4 

5.6 

Sand, peat, 1-2-2 

35.1 

4.6 

48.3 

5.8 

Sand, peat, 4-2-1 

33.0 

4.5 

37.4 

5.8 

Sand, peat, 3-2-1 

34.5 

4.2 

45.8 

5.9 

Sand, peat, 2-2-1 

35.3 

4.4 

43.3 

5.4 

Sand, peat, 1-6—1 

36.2 

4.4 

49.3 

5.5 

Sand, peat, 1-4-1 

36.1 

4.4 

52.8 

5.3 

Sand, peat, 1-2-1 

34.4 

4.5 

49,6 

5.6 


The differences secured in this series of plots are insignificant in 
themselves, except that indication is given of the feasibility pf sand 
cultures. The stem lengths as well as diameters of the flow^ers are 
comparable to those obtained from several check plots which have 
been averaged into one. The variations in ratios have, had little sig- 
nificance, which may be due to the fact that even the lowest may be 
sufficient in themselves and that higher nutritive values are not 
necessary. Again the frequency of application may have been too 
great. In this series of tests, it will be observed that additions of 
humus produced no beneficial effect. This contradicts the conclusions 
from previous tests and again may be due to too frequent addition 
of nutrients. 

The conclusions to be drawn from these preliminary tests are 
negligible in so far, as fundamental information is concerned and the 
problem is being attacked now from several other angles. However, 
from the standpoint of practical application it looks promising since 
it is apparent that washed sand may be used as a substitute for soil in 
commercial practice as soon as the details of the amounts of nutrients, 
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then ratios, and the frequency of applications are solved. From the 
practical standpoint sand is advantageous because yearly replacement 
may be eliminated, because accumulation of soluble salts may be 
avoided, because known quantities of fertilizers at specified periods 
need not vary from year to year, because control of soil moisture 
may be simplified, because soil aeration troubles may be reduced, and 
finally because thorough drenching and sterilization of the sand after 
use may eliminate soil pests. From the scientific viewpoint, it is the 
only accurate method of approach to the problem of nutrition, since 
recommendations based on soil plot methods are not alw^ays applicable 
to all conditions and environments. 



Effects of the Application of Nutrients to Ornamental 

Trees 

By A, F. De W'erth and L, C. Chadwick, Ohio State University, 
Columbus, Ohio 

^HE application of nutrients to ornamental trees is not a new sub- 
ject of investigation but studies in this direction have yielded re- 
sults of little apparent value. The selection of carriers of nutrients 
and the proper time of their application is of great importance. 

In this preliminary study established young trees of the English 
Elm ( Uhniis campestris) and Sugar Maple {x4cer saccharmn) were 
selected. These trees were located on the campus of Ohio State 
University and were of uniform size, about 25 feet in height. Tw'enty 
plots of 15 trees each were laid out and received the nutrients indicated 
in Table I. Nutrient materials were applied in the fall, the second week 
of October, and in the spring the third week of April. Applications 
were made at the rate of one-half pound of nutrient material for 
every inch in diameter of the tree, the measurements being taken 2 
feet above the ground. The nutrients were spread about the base of 
the trees, covering approximately the same area covered by the spread 
of the branches. Measurements were taken of 25 twigs on each tree 
and the average was computed and presented in Table I. The trunk 
caliper given is the average of the 15 trees. Measurements were 
taken in October and again in August. 

The data secured from this study show that the application of 
quickly available nitrates produces the most appreciable increase in 
caliper and length. Nitrate of soda and ammonium sulphate gave 
much the same increase in caliper- and length growth for both fall 
and spring applications. With Ulmtis campestris the increase in twig 
length for each case was about nine times that of the check plot. 

The spring application for both of these nutrients proved the most 
beneficial. This is due to the facts that they are quickly available 
and applied at a time when they may be used by the plant. Ulmus 
campestris and Acer saccharum reacted much the same to these two 
nutrients although the increase in length-growth was even more 
striking with Acer saccharum. The treated plots show an increase 
of from 15 to 20 times that made by the check; plot. In this case, 
nitrate of soda gave best results when applied in the fall. 

The application of superphosphate showed very little increase in 
growth over the check. This was no doubt due to the fact that phos- 
phoric acid penetrates very slowly, less than 1 inch per year, and 
probably had not penetrat^ to the roots of the trees, or had been 
used up by the vegetation under thenL The new growth on the trees 
to which superphosphate was appH^ showed a striking yellow color 
in comparison with the others. This may ha^ been due to the lack 
of penetration of the superphosphate and an absence of sufficient 
nitrogen. The ch^ks, however, did not show this strikiiig yellow color. 

'' 4;S2 
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The plots to which shredded sheep manure was applied showed a 
slight increase over the check. This increase was very small in 
comparison to the plots upon which nitrate carriers were applied. This 
organic material is much more slowly available and the amount of 
available nitrogen, in this carrier is much less than in nitrate of soda 
and ammonium sulphate. As shown with Acer sacchariim, fall 
applications should be the most beneficial. 

The plots to which a balanced 4-12-4 fertilizer was applied showed 
a stimulated growth both of stem length and caliper. The plots re- 
ceiving the fall application showed an increase in growth of 8.32 cm. 
over check in twig length, and the spring application showed an in- 
crease of 13.88 cm. This again brings out the desirability of spring- 
application of inorganic fertilizers. The beneficial results derived 
from this complete fertilizer is without doubt due to the nitrogen 
content because, as has been showm, superphosphate had little effect 
on these trees. 

The 10-6-4 balanced fertilizer gave much the same increase in 
growth as 4-12-4. In this case, however, the greatest increase in 
growth w^as shown by the plot on which the nutrient material w^as 
applied in the fall. This is due to the fact that the carriers used 
in this complete fertilizer were organic in nature and became avail- 
able more slowly. Fall application would tend to be the more de- 
sirable. 

The results obtained by this investigation are such that the general 
conclusions drawn could not be used for specific recommendations 
for every situation. The problem would have to be carried over a 
much greater period of time than one year to obtain comprehensive 
data. The soils in diflferent localities as well as the environmental 
conditions would have a varying effect upon results secured. 

The following conclusions may be drawn: fl) The application of 
nitrate of soda and ammonium sulphate produced the most appre- 
ciable increase in growth; (2) spring applications are more bene- 
ficial than fall treatments except with nutrient materials that are 
.slowly available; (3) the application of phosphoric acid produced 
little additional growth; (4) the application of a complete fertilizer 
showed increase in growth, due to its available nitrogen content ; and 
(5) more quickly available nutrients such as nitrate of soda and am- 
monium sulphate produce much greater results than do the more 
slowly available sort, such as shredded sheep manure or organic car- 
riers used in preparing the 10-6-4 formula used in this investigation. 



Growth Experiments with Shade J!rees Under 
Lawn Conditions 

By Donald Wyman, Cornell Universify, Ithaca, N, F. 

^NLY recently have careful growth experiments with shade trees 
been undertaken. Many experiments have been reported on the 
factors necessary for hastening the vegetative growth of fruit trees. 
After a thorough review of these, it was thought wise to initiate 
growth experiments with shade trees which are under lawn condi- 
tions. The average home owner is often unable to pay the price neces- 
sary for moving mature trees to his property, but when he plants a 
smaller tree, he wants growth to proceed at a maximum rate. His 
shade treeis are usually growing in the lawn, where the influence of 
the grass sod must be considered. The object of the experiments here 
reported is to investigate the factbys contributing to a maximunL 
growth of such trees in a minimum time. This paper is to be con- 
sidered chiefly as a progress report, since the experiments here re- 
ported were started only one year ago. 

In 1904 Pickering (3) concluded from experiments with young 
fruit tree seedlings, that the orthodox method of careful tree planting 
w^as unnecessary ; that “careless planting/’ when the roots were often 
injured and jammed into a shallow, narrow hole with the soil firmly 
tamped on top of them, led to better growth than careful planting, and 
that this held true in every case on many different soil types and 
that these differences in growth held for at least 8 years after plant- 
ing. His most accurate experiments were those in which he used 
tree weight as a basis for his comparisons. 

Lyon, Heinicke, and Wilson (2) report a marked response in 
vegetative growth in Western New York from the use of nitrogen on 
young apfJe trees standing in sod, with no significant differences 
where trees were cultivated. Nitrate nitrogen is deficient in sod and 
this deficiency is more important than loss of water by the sod. In 
the Hudson Valley, Tiikey ( 5) found, by applying various amounts 
of NaNOa to one- and two-year-old apple trees at time of planting, 
that trees grew best without fertilizer or only pound applied well 
back from the tree. Larger amounts were injurious. Later he found 
that with several different kinds of fertilizers applied in various 
amounts at time of transplanting, those trees grew best which re- 
ceived no fertilizer or only small amounts of urea. Tukey’s experi- 
ments were carried out on land under cultivation. Since it is generally 
accepted that potash in most soils is sufficient for vegetative tree 
growth, it is not used in the experiments reported in this paper. 

Any pruning of the tops, so long as roots are undisturbed, decreases 
vegetative growth as compared with the growth made by a similar 
unpruned tree, but pruning at planting time is absolutely necessary 
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as Pickering showed, when he concluded from his experiments that 
the trees left unpruned after transplanting did not form new growth 
on branches and roots nearly as fast as those pruned at transplanting 
time. 

Heinicke (1), Swingle (4), and others have noted the marked 
variability in growth of apple seedlings of the same age. The ten- 
dency is for the largest seedling to give the largest tree. This im- 
portant fact has been noted in oak tree seedlings as well as seedlings 
of many other shade trees. Consequently, any growth experiments 
with trees should include trees not only of the same age but also 
having a similar growth performance over a period of years. This 
is a most important point, as some recent shade tree fertilizing ex- 
periments have been carried out on trees of unknown age and growth 
performance, but which were ‘'apparently similar/' 

Materials and Methods 

Pin oak trees (Quercits pulustris) were selected for this experi- 
ment because they are a valuable slow-growing type. The trees 
selected were 5 years old, all grown in the same plot from the same 
lot of seed and were selected for their uniform caliper and size. 
Duplicate experiments, set out in November 1930, are being run on 
a Dunkirk stony clay, and on a Dunkirk silty clay loam. These plant- 
ings were duplicated in the spring of 1931 to provide fall and spring 
planted experiments on two soil types. These include some 400 
trees, planted 12 feet x 12 feet, all in a closely cut Kentucky blue 
grass sod. 

Planting studies comprised three lots of trees, namely, (A) plant- 
ing in a deep wide hole with soil simply thrown in loosely on top of 
roots ; (B) planting roughly, in extremely narrow, shallow hole, roots 
often badly injured and jammed together, soil tamped in on top of 
roots with a post hole tamper; and (C) planting in customary man- 
ner, in deep, wide holes, soil loosened at bottom of hole with pick, 
roots carefully placed with plent}^ of room and with soil firmly 
packed with feet but not tamped. 

Fertilizing studies comprised lots receiving (D) 8 ounces of am- 
monium sulphate per tree at time of planting, May, 1931 ; (E) 8 
ounces of ammonium sulphate per tree September 1931, to trees 
planted one year previous; (F) 12.6 ounces amophos (13-46-0) 
applied per tree at time of planting, May 1931 ; (G) 12.6 ounces amo- 
phos (13-46-0) applied per tree in September 1931, to trees planted 
one year previous; (H) checks, unfertilized. 

Pruning studies comprivsed lots: (I) receiving no pruning at time 
of planting; (J) trees pruned at, fee of planting^, remaining 
^branches at top of trunk; and (K)ii^ to a similar amount, 

but with branfes left all along the trunk, ' ' ; 

As is consistent with commercial practice, were ap- 
plied in lK>les bar, 2J4 feet from the trunk. The 
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fertilizer must not injure the grass, or be utilized by the grass. In 
either event, it would obviously spoil the conditions of the experi- 
ment. 


TABLE I — Effect of Time and Manner of Planting on Number of Trees 
Partly or Entirely Dead 



Time of 

(A) Loose 

(B) Rough 

( C ) Ordinary 

Per cent 

Soil Type 

Planting 

Planting 

Planting 

Planting 

Loss 

Gravelly .... 

Spring 

2 

1 

2 

11.1 

Gravelly .... 

Fall 

3 

3 

2 

17.7 

Clay 

Spring 

0 

2 

1 

6.6 

Clay 

Fall 

4 

1 

1 

13.3 

Per cent loss. 


15 

11.6 

10 

— 


All trees, other than those specifically excepted were planted in 
the customary large holes and carefully pruned at time of planting. 
After pruning, the height of most trees was 4 to 5 feet. The trees 
used in the pruning experiments were 6 to 7 feet tall. Instead of 
planting trees of one experiment in a single row, trees of any group 
of experiments were located at various places in the plot, to diminish 
the effect of any possible soil variations. For instance, lots A, B, and 
C were grouped together 15 times on each of the four experimental 
plots. 

Measurements were taken at time of planting and in November, 
1931, after growth had ceased, of caliper, tree height, total elonga- 
tion of all branches, number of growing points and tree spread. 
Since Quercus paliistris tends to have an irregular trunk at this age 
and since the diameter increase in most cases this first year was not 
over lYz mm., the error incident to such minute measurements is 
rather high. Consequently the results of the growth for the first year 
will be calculated from total elongation of all branches. 

Results 

Using Love’s modification of the Student Method, the odds are 
69.4 : 1 in favor of spring planting, calculated on a basis of growth 
alone. Furthermore, 16.5 per cent of all trees planted in the fall were 
either killed or died back, as compared with only 9.S per cent of those 
planted in the spring. Naturally, some of the losses in both cases 
were due to experimental conditions, but this difference is significant. 

In Table II, the significant differences brought out are that on 
gravelly soil, spring planting should be done in the ordinary manner, 
(Lot C). Trees planted loosely (Lot A), or roughly (Lot B) .were 
unable to withstand the dry weather which came about 1 month after 
planting. In many cases with the roughly planted trees (Lot B) the 
leaves wilted and dropped. The difference in growth between spring 
and fall planted trees is significant ; other differences were not. 
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TABLE II — Effect of Time and Manner of Planting on Linear Growth 

(in Feet) 


Soil Type 

Time of 
Planting 

(A) Loose 
Planting 

(B) Rough 
Planting 

(C) Ordinary 
Planting 

Gravelly 

Spring 

2.80 

2.35 

4.00 

Gravelly 

Fall 

2.45 

2.13 

2.65 

Clay ! 

Spring 

2.47 

2.94 

2.81 

Clay 

Fall 

1.90 

2.44 

2.42 


With the experiments in fertilizing trees at time of transplanting 
no trees were killed by the fertilizers, though marked burning of 
leaves was noted in some cases. Since the fertilizers in lots E and G 
were not applied until September 1931 after current growth had 
ceased, no results were evident at time of writing. 


TABLE III — ^Effect of Fertilizer Application at Time of Planting on 
Linear Growth (in Feet) 


Soil Type 

Time of Planting 

(C) Check 

(D) Am. Sulphate 

8 Ounces 

(F) Amophos 
12.6 Ounces 

Gravelly 

Spring 

3.96 

2.88 

2.61 

Clay 

Spring 

3.27 

2.83 

2.42 


The differences above are not significant and carry out Tukey’s 
(5) conclusions from experiments with young fruit trees that fer- 
tilizer applications at time of planting are not beneficial However, it 
must be kept in mind that since the fertilizer has been in the ground 
only 5 months, delayed differences may appear next spring. 


TABLE IV— Effect of Pruning at Time of Planting on Number of Trees 
Partly or Entirely Dead 


Type 

Time of 
Planting ! 

(I) No Pruning 

CD Branches at 
Top of Trunk 

(K) Branches all 
Along Trunk 

Per cent 
Loss 

Clay 

Fall 1 

3 

3 

3 

30 

Clay 

Spring 

4 

1 

0 

18.5 

Percent loss. 


35 

20 

15 

— 


The smaller growth and the large mortality for the unpruned trees, 
is of course significant. Differences from a comparison of the two 
typQs of pruning will probably not be evident for some time. 


TABLE V— Effect of Pruning at Time of Planting on Linear Growth 

(in Feet) 


Soil Tjiri>e 

Time of Planting 

CD No Pruning 

(J) Branches at 
’ Top of Trunk 

(K) Branches all 
Along Trunk 

Clay 

FaU 

2.20 

3.88 

3.20 

Clay 1 

Spring 

2.48 1 

2.56 

3.57 
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Conclusions 

In every case, the spring planted trees made more growth than 
those planted in the fall. Of the fall planted trees, 19.5 per cent were 
killed or died back to within a foot of the ground, and only 9.5 per 
cent of the spring planted trees. As it happened, the fall of 1930 was 
very dry, and the trees planted in November were set in fairly dry 
soil. The trees planted in May, however, were started under ideal 
soil and weather conditions. 

Trees planted in the spring on a stony clay soil grew best when 
planted in the ordinary manner. Those planted in holes in wdiich the 
soil was simply thrown in and not firmed, were not able to grow well 
during the dry spell which followed a month after planting, probably 
because of the rapidity with which the soil dried out. Trees firml}' 
tamped in did not do well, probably because the holes were only about 
6 inches deep, while the properly made holes were three to four times 
this depth. This shallowness caused them to dry out easil^^ 

No significant differences on growth resulted from the three 
methods of planting on the silty clay loam. It is interesting tc) 
note (Table 1) that fewer trees died in the silty clay loam soil, whether 
planted in fall or in spring, than in the stony clay soil. This is probably 
because the latter soil type is much looser and dries out more quickly. 

Neither 8 ounces of ammonium suljihate nor 12.6 ounces amophos, 
a|>plied in holes feet from the base of the tree at time of trans- 
planting had a beneficial effect, and in some cases leaf burning was 
evident. It is possible that significant differences may appear an- 
other year. 

Trees which are not pruned at time of s]>ring transplanting die 
much more readily than those which are pruned. This difference is 
not apparent in the fall transplanted trees, probably for the reason 
that roots do not cease growth when the leaves drop, but continue 
growth until freezing weather. This would enable the roots of both 
pruned and unpruned trees to get an approximately equal start in the 
dormant period. In spring planting, however, with the appearance 
of the leaves immediately after transplanting, the roots on the pruned 
trees can not get this equal start. Consequently the roots of the un- 
primed tree cannot supply all the breaking leaf buds with water and 
nitrates. A large proportion of the unpruned twigs, therefore, die 
back, and this process of equalization between tops and roots takes 
time. As a result, the tops are unable to make as much new top 
growth as the pruned trees. Pickering (3) noted a similar retarda- 
tion of root development in the unpruned tree, corresponding with 
the slower top growth. 

These conclusions must be considered solely as the first year’s re- 
sults of a long time experiment. Weather conditions, naturally, must 
have had something to do with the success or failure of some of 
these experiments, and it is only by repeating these, over a period of 
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years, possibly using several types of shade trees, that any definite 
conclusions can be reached regarding fundamental practices. 
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Effects of Temperature and Desiccation During Storage 
on Germination of Seeds of the American Elm 
(Ulmus arnericana L.)^ 

By C. E. Steinbauer, U. 5. D, A., Washington, D. C, and 
G. P. Steinbauer, University of Maine, Orono, Me.^ 

JN performing experiments with plants it is frequently desirable to 
grow several lots of seedlings at various times of the year. With 
such short-lived seeds as the elm it is of importance to know how 
to preserve the viability of the seed until it is to be used. 

In experiments at University Farm, St. Paul, on elm seedlings, 
one of the authors observed that a certain lot of elm seed which he 
had stored in a tightly stoppered bottle for a number of months, 
germinated much better than similar seed which had been exposed 
to the air for the same period. The experiment here reported was 
an outgrowth of this observation and was designed primarily to 
determine the effects of desiccation and temperature upon the 
viability of seeds stored in closed containers. 

On May 29, 1929, a large quantity of seed was obtained from a 
number of American elm trees growing in Como Park, St. Paul. 
The seed was taken to the Plant Physiology Laboratory at Univer- 
sity Farm where it was allowed to stand until June 7 when the entire 
quantity of seed was thoroughly mixed and divided into aliquots of 
suitable size for the experiment. Two aliquots were allowed to 
stand open in the laboratory ; each of the others was placed in a 
wire basket above approximately one liter of sulphuric acid of 
known concentration in a desiccator and allowed to stand two 
weeks. The following acid concentrations were used: 25, 50, 75, 
and 95 per cent, designed to maintain relative humidities in the 
desiccators of roughly 85, 35, 5, and less than 1 per cent respec- 
tively. 

At the end of the desiccation period, one of the aliquots pre- 
viously standing open was divided into three parts, each of which 
was then placed in an open bottle. The remaining aliquots were 
divided into samples of approximately 500 seeds. Each sample was 
then immediately placed in a glass test tube, corked, and tightly 
sealed by dipping into a warm paraffin-beeswax mixture. The 
samples of all aliquots were then divided into three groups, one of 
which was placed in each of three constant temperature rooms 
maintained at 0, 10, and 20 degrees C., respectively. 

At the beginning of the experiment and at successive intervals of 
6 to 8 weeks, one sample from each aliquot at each temperature 
was removed from the temperature chamber, triplicate samples of 

^Published with the approval of the Director as paper number 1061 of the 
Journal Series of the Minnesota Agricultural Experiment Station. 

®Both formerly of the Minnesota Agricultural Experiment Station, St. Paul, 
Minnesota. 
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100 seeds each counted out, and germination tests run. In all cases 
seeds were germinated at 20 degrees C. between moistened blotters 
in a germinator at the Minnesota State Seed Testing Laboratory. 
Counts of germinated seeds were made every second or third day 
over a period of two weeks. 

Results and Discussion 

The viability test begun just after the desiccation period showed 
a fairly uniform germination of 65 to 70 per cent. Results of ger- 
mination tests, given as the average percentage germination for the 
three replicates^ are presented in the table below. 


TABLE I — Percentage Germination of Elm Seed After Storage at Dif- 
ferent Temperatures, and With Various Moisture Contents 



Oct. 9 

Nov. 20 

Jan. 8 

Mar. 6 

Apr. 26 

July 9 

Open to air entire period .... 
Not desiccated, but sealed. . . 
Desiccated over 25% acid . . . 
Desiccated over 50% acid . . . 
Desiccated over 75% acid . . . 
Desiccated over 95% acid . . . 

A. Sto3 

46.33 

41.00 

39.33 

44.00 

48.33 

45.33 

rage at C 

39.67 

35.67 

23.33 
35.67 
35.67 

26.33 

fC. 

53.00 

37.67 

54.67 

57.00 

53.00 
57.33 

53.33 

47.67 1 

51.67 1 

61.33 j 

47.67 

55.33 1 

6.00 
7.33 
11.33 
9,00 
12.00 
12.67 I 

0 

0 

3.00 

2.67 

3.67 

6.00 


Open to air entire period . . 
Not desiccated, but sealed . 
Desiccated over 25% acid . 
Desiccated over 50% acid. 
Desiccated over 75% acid. 
Desiccated over 95% acid . 


B. Storage at 10°C. 


47.00 

35.67 

27.67 

48.67 

2.33 

42.67 

21.67 

35.67 

42.00 

3.33 

40.33 

20.00 

42.67 

34.33 

3.67 

40.33 

32.33 

42.67 

56.67 

10.33 

55.33 

14.67 

46.67 

57.67 

8.00 

41.33 

53.00 

46.67 

64.00 

10.67 


C. Storage at 20® C. 


Open to air entire period 

34.33 

29.67 

18.67 

6.33 

0.00 

0 

Not desiccated, but sealed. . . 

36.33 

26.00 

22.00 

13,67 

1.00 

0 

Desiccated over 25% acid . . . 

41.00 

28.33 

11.50 

1,67 

.67 

0 

Desiccated over 50% acid . . . 

42.00 

27.67 

51.33 

38.33 

3.67 

2.00 

Desiccated over 75% acid . . . : 

42.33 

30.00 

63.33 

28.33 

3.67 

2.33 

Desiccated over 95% acid. . . i 

41.67 

33.00 

32.67 

44.00 

6.33 

1.67 


The above results show some general tendencies which seem of 
importance in determining the optimum conditions for elm seed 
storage. Many of th^ elm seeds have a rest period through which 
they must pass regardless of storage conditions. This is evidenced 
*by a gradual fall in germinating ability for a time, followed by a 
period of much higher germination. Length of the rest period 
appears to be influenced both by moisture content of seeds and by 
the storage temperature. Iri general, the data show that the rest 
period is somewhat shorter when ^storage is at 0 degrees C. than at 
10 degrees C, regardless of moisture At 10 degrees C. 

this period appears to be a little longer, but it is not clear whether 
or not moisture content has influenced this lengthening. At 20 de- 
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grees C., however, there is unmistakable evidence that the moisture 
content, as well as temperature, is responsible for the continuous 
falling off in seed viability and failure to recover from 
the dormant condition. It is possible that these factors may have 
prolonged the rest period in this case, but the exact extent cannot 
be shown since the continuous fall in viability masks the time of 
ending of the rest period. Where the seeds at 20 degrees C. were left 
open to air continuously, sealed in test tubes without desiccation or 
desiccated over 25 per cent sulphuric acid, the percentage germina- 
tion fell off continuously from the beginning of the experiment. 
However, when the seeds were desiccated over 50, 75, or 95 per 
cent acid, they showed a poorer germination for a time, due to 
dormancy, followed by a much higher viability, then a final con- 
tinuous loss in ability to germinate. 

While it is impossible to state definitely the exact length of the 
rest period in the elm seed, the data suggests that it begins within a few 
weeks after harvest of seed and terminates approximately 6 months 
later. The period of high viability following the rest period ap- 
pears to last about 3 months. 

The germination data relating to storage indicate quite clearly 
that 0 degrees C. is a better temperature for storage than either 10 
or 20 degrees C., and that 10 degrees C. is much to be preferred 
to the 20 degrees C. temperature, particularly if seeds cannot be 
sufficiently desiccated. 

In regard to moisture content, it appears from this experiment 
that the more the seeds are desiccated, the higher is the percentage 
of germination at any time and the longer viability is retained. 

No attempt is made to state definitely the optimum conditions for 
elm seed storage, but vitality is best retained at relatively low tem- 
peratures and with very low water content in the seed. 



A Study of the Broad-leaf Evergreens of the 
Southeastern States 

By Jesse A. DeFrance^ Cornell University ^ Ithaca, N. Y. 

^HE region covered b}' tliis study includes the states east of the 
^ Mississippi River and south of the Potomac and Ohio Rivers, 
except the central and southern parts of Florida, the limit in Florida 
being defined by an imaginary line between St. Augustine, Palatka, 
Gainesville, then due west to the Coast. 

The materials studied include both native and introduced broad- 
leaf evergreens which are used in cultivation and show promise of 
use for landscape purposes, over 500 in all. A preliminary study of 
herbarium specimens was made during the spring and summer of 1930 
at the New York Botanical Garden, and of Dr. L. H. Bailey's collec- 
tion in Ithaca, New York. 

During the latter part of December 1930, and January and the 
first part of February 1931, a trip was made through the southeastern 
states for the purpose of observing these ornamentals in their native 
habitat and more especially to consider their actual use for landscape 
purposes, and to observe the climatic and soil conditions in which 
these materials occur. Visits to the more important nurseries, estates, 
plantations, gardens, state institutions, parks, and cemeteries afforded 
an opportunity to gather first hand information relative to the material 
under actual growing conditions. Consultations were held, and advice 
and suggestions were obtained from prominent nurserymen, land- 
scape architects, estate owners, gardeners, and university professors. 

During June and July 1931, a second trip was made to make further 
observations, collect specimens, and gather data by stopping at a 
selected number of places and through consultation with well-informed 
men with whom previous contacts had been made. These two expedi- 
tions gave opportunities to study the broad-leaf evergreens in both 
winter and summer. The collected specimens were taken to the Ar^ 
nold Arboretum for verification of the correct names by Dr. Alfred 
Rehder and also were determined by Dr. t. Bailey. 

On these trips it was found that several plants, through error, 
are being sold under incorrect names. A common practice by some 
of the nurserymen is the application of local pseudo-scientific 
names for species, variety, and forms. 

One of the most important results of this study is the prepara- 
tion of a plant character table which shows the scientific names 
according to the interpatipual rules of botanical nomenclature 
which are followed in and Rehderis ^‘Manual of 

Cultivated Trees and Shnibs,” iud tjbr ^ to 

^'Standardized Plant Names.” Se^arate^^^W^^ resist- 

ance to drought, (b) rate of growth, (c) form^ (d) size, (e) foliage, 
in^fudiug texture, and color in fall and winter, (f) fiowers, includ- 

''v'' , ■ ■ ■ 
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ing date, duration, fragrance, and interesting combinations, (g) 
fruits, including date, season, color, and whether edible by birds or 
by man, (h) soil conditions, including type, acidity, and moisture, 
(i) light requirement including sun, half-shade, and full-shade, (j) 
range, whether mountain, Piedmont, or coastal plain and the north- 
ern and southern limits in each region, (k) landscape uses, (1) propa- 
gation, and (m) general remarks. 

The generally moderate climate and the wealth of plant materials, 
particularly the broad-leaf evergreens, available for ornamental 
use in the southeastern states, should make easy the development 
of a beautiful all-year-round landscape effect with an everblooming 
and attractive garden. 

One of the first points to consider in planning and planting these 
materials in the southern states, is that the growing season in the 
region is many times longer than in latitudes further north. Al- 
most as much growth may be obtained in one season in the general 
region under consideration as can be secured in the northeastern 
states in two or three years. This is, of course, not true of the 
higher elevations which more or less approach northern conditions. 
At present there seems to be a shortage in the number of low, com- 
pact shrubs to be used for planting, as ‘‘facer’’ material, around the 
base of taller growing plants. A very common mistake is the use 
of several plants in an area of restricted dimensions, thus produc- 
ing an overplanted situation, where one specimen is adequate to 
produce the desired effect and fill the allotted space. This is due 
directly to a lack of knowledge regarding the habits and character- 
istics of these materials. 

■ The climatic and soil conditions vary greatly and the plant ma- 
terials suited to the region are different from many of those of 
other localities. Many plants suited to more northerly regions are 
not suited to the southeastern states. It is common for persons who 
plant gardens in a region with which they are not familiar to use 
plants with which they have been associated. They fail to consider 
the suitability of the plants to the new climatic and soil conditions. 
For example, plants such as Taxus cuspidata, Tsuga canadensis, Pinus 
strohus, and many others which are well suited to the northeastern 
states but not typical of the south, have been and are being planted 
in many localities in the southern states. These usually become un- 
healthy and soon meet with failure in this situation. It is true that 
there are certain localities in the region under consideration where 
these plants are desirable. The fine introduced material proven to be 
perfectly hardy and happy and the abundance of native plants which 
the region offers have been too often neglected. 

The deciduous material of the north is excellent for the north 
where there is not such a wide range of broad-leaf evergreens, but in 
the south where such splendid broad-leaf materials are available, 
these certainly should be favored. After the evergreen effect is pro- 
duced, the residents of the. south want color in the landscape. This 
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can be secured by flowers and bright-colored fruits, which are very 
desirable during the fall and winter months. More attention should 
be given to the propagation and use of berry-bearing evergreen plants. 
Because these plants are evergreen and, as a group, are naturally 
restful and informal, they seem to fit readily into the landscape. 

In addition to the plant chai*acter table, this study of the broad-leaf 
evergreens will provide charts, lists, description and discussion on 30 
diflFerent topics of which the following are typical, namely, new 
introductions and native materials which are little known; fragrant 
flowers and attractive fruits; the blossom circle of the year among 
the broad-leaf evergreens; plants for hedges, topiary work, wind- 
breaks, and borders ; the old stand-bys and the 20 favorites ; broad- 
leaf evergreens for near the seashore ; southern broad-leaf evergreens 
which may be useful in the north; and several special groups,* such as 
azaleas, rhododendrons and other ericaceous plants, box and its place 
in the southern garden, the camellias, the elaeagnus and euonymus, the 
hollies and osnianthus, the honeysuckles, privets, and viburnums, the 
palms and yuccas. 

Very little is published which deals with the much needed informa- 
tion on the culitvated broad-leaf evergreens. It, therefoi*e, is the 
aim of the present study, to prevent further mistakes by furnishing 
up-to-date, practical and dependable information on these materials. 



Rooting Response of Conifers to Treatments with Organic 
and Inorganic Compounds 

By Irwin Klein, Ohio State University, Columbus, Ohio. 

C EVERAL investigators, including Hitchcock and Zimmerman ( 1 ) 
and Chadwick (2), studied the effect of rooting cuttings at various 
periods during the year. A comparison of results showed^ variations, 
particularly between Noveiuljer and March, which the writer thought 
might be due to either an unbalanced nutritive condition or a slow 
physiological activity. This supposition was confirmed by consider- 
ing reports of other investigators. Starring (3), Reid (4), and others 
observed that cuttings high in carbohydrates and low in nitrogen 
rooted well, while those with a reverse ratio rooted poorly. Curtis 
(5), Zimmerman (6), Skinner and Reid (7), found that oxidation 
reactions markedly increased root activity. All these facts suggested 
that treatments with organic or oxidizing reagents might increase 
the rooting of evergreens. 

Five kinds of plants, Thuja occidentalis, Chamaccyparis pisifera 
plumosa, Jiiniperus sabina, Jumperus chinensis pfiizcriana, and Taxiis 
cuspidafa, were selected for the experiment. Cuttings were prepared 
on approximately the 25th of each month from November to March 
inclusive. Twenty-five cuttings were used in each test, a total of 
1250 each month for the 10 treatments, consisting of three organic 
compounds, namely, sucrose, glucose, and glycerine of 5 per cent 
and 10 per cent concentrations, and three inorganic substances, namely, 
potassium permanganate, manganese sulphate, and hydrogen perox- 
ide, of .OIM, .OOOIM, and .05M respectively, and one check plot. The 
cuttings were placed in these solutions for 24 hours, rinsed with 
water, and inserted in sand of neutral reaction. Frequent determina- 
tions showed that acidity remained fairly constant throughout the 
experiment. On June 30. 1931, all the cuttings were lifted and 
records taken. The unrooted were reinserted into the propagating 
medium where they remained until July 22. At this time final 
measurements were recorded. 

A separate study of each genus indicates the results. 

Thuja occidentalis: The December treated cuttings were by far the 
best. As many as 96 per cent rooted in this lot under the potassium 
permanganate treatment. The next best inorganic chemical was 
hydrogen peroxide. The test whh 10 per cent glycerine produced 
the poorest results. The low’^est per cent of rooting was recorded in 
the March cuttings. The number and the length of the roots was 
greatest with the December cuttings treated wnth potassium perman- 
ganate or 5 per cent sucrose. 

Chaniaecyparis pisifera phtmosa: This genus rooted poorlv in 
lot. The drought of the 1930 season, undoubtedly, 
dition of the terminal growth, restilting in poor Cuttings.' The W 
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percentage of rooting was recorded in the November and the Decem- 
ber tests with the potassium permanganate treatment. 

Jitniperus sabim: The cuttings of this genus rooted better than 
any of the other materials used in the experiment. A 10 per cent 
glucose solution used in the November lot yielded the highest per- 
centage of rooted cuttings, although for an average of the 5 months^ 
potassium permanganate took the lead. Next to potassium perman- 
ganate, the treatments with 5 per cent sucrose and manganese 
sulphate were most satisfactory. 

Jtmiperiis chinensis pfitzeriam: Most of the cuttings rooted poorly, 
although they had callused. Again potassium permanganate, followed 
by 5 per cent sucrose, produced the best results. 

Taxus citspidafa: Because of the scarcity of material only three 
lots, November, January, and February, were used. All cuttings 
rooted well, although the November and December lots were best. 
Potassium permanganate, followed by 5 per cent glucose and 10 per 
cent glycerine, yielded the highest percentage rooting. 

In all cases potassium permanganate produced the best results. In 
several lots the organic treatments nrere close seconds, as Table I 
shows. Cuttings taken during late fall, November and December, 
rooted better than later lots. Since most of the evergreens complete 
their rest period by the middle of November or early December, cut- 
tings taken at this time are more apt to react favorably to stimu- 
lation. 

In this experiment organic compounds produced most of the early 
stimulation, although over a longer period (see Table II) potassium 
permanganate was best. From Table III the results indicate that potas- 
sium permanganate and sugar solutions were effective equally in 
stimulating the number and length of the roots. However, with three 
genera the cuttings in the check lots produced roots as long as the 
treated ones. Curtis attributes the stimulative power of the potassium 
permanganate to the release of ox3’gen as it comes in contact with the 
plant tissues. The liberation of oxygen, probably, affects respiration 
and causes more complete oxidation. 

When cuttings were removed from the potassium permanganate 
solution a black-purplish precipitate, manganese dioxide, adhered to 
the wood, Bunzell and Hasselbring (8) point out that in some cases 
a straw-colored solution containing manganese and giving strong 
oxidase reactions may accompam'' the chemical change. Furthermore, 
this substance is useful as a disinfectant and as such it may help to 
check the growth of micro-organisms in or about the tissues of the 
.PUftihg. ■ 

Other investigator assqpiated manganese with the oxidation re- 
actions odmrring in plants/ state that the oxidizing enzymes 
act more powerfully in the presence compounds. Pos- 
sibly one of the most plausible explanatidhi for the stimulus 

of growth by manganese was offered by Loew (0)/^ He compares the 
action of manganese with the effect of light. Although light aids the 



TABLE I— Chemical Stimulation of Evergreen Cuttings 
(Recorded June 30, 1931) 
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TABLE III— Chemical Treatments which Produced the Greatest Number 
AND Root Length of the Evergreen Cuttings 



Greatest Number of Roots 

[ Greatest Root Length 


Chemical 

Month 

Chemical 

Month 

Thuja occideittalis . . 

KMn04 

5% sucrose 

December 

KMn 04 

5% sucrose 

December 

Chamaecyparis pisi- 
fera plumosa 

10% glucose 

December 

Check 

10% glucose 

November 

Junipenis sabina , . . 

KMn 04 

10% sucrose 

November 

January 

Check 

5% glucose 

November 

Juniperus chinensis 
pfitzeriana 

KMnO, 

RA 

December 

KMn04 

December 

Taxiis cuspidata .... 

KMn 04 

December 

Check 

December 


increase of food manufacture, through phtosynthesis, it prevents its 
utilization. Only in the absence of light does any appreciable amount 
of growth occur. The absence of light has the same effect as the 
presence of manganese, which tends to increase growth throughout 
the day. The check in growth during the day may be due to the 
action of certain noxious compounds produced in the cells under the 
influence of light. It is known that oxidizing enzymes destroy these 
toxic by-products. Consequently, since manganese increases the oxi- 
dizing power of the enzymes the noxious compounds are broken 
down as rapidly as they are formed, allowing growth functions to 
continue unmolested. 

Wherever hydrogen peroxide was effective, the stimulation was 
due to the increased oxidation, undoubtedly, since it liberates free 
oxygen readily in water. 

The direct absorption of organic compounds, namely .the sugars, 
produced varying results, in the evergreen cuttings; however, with 
softwood and succulent material their importance was pronounced. 
Cool weather of fall causes an accumulation of sugars within the 
plant. With the normal breaking of the rest period, the stored food 
is consumed gradually in the formation of roots and top, so that 
sugars are seldom a limiting factor. The small amount of stimulation' 
produced with the organic treatments was due, possibly, to the soluble 
condition of the sugar which was assimilated quickly by the plant. 
The importance of organic compound treatments is governed largely 
by the maturity of the w^ood ; immature cuttings show greater stimu- 
lation than mature twigs. 

Although potassium permanganate and sugar compounds were the 
two most outstanding treatments in this experiment, there is still some 
doubt as to whether they are of any commercial value to the nursery- 
man. 
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Studies in Propagation of Softwood Cuttings of Orna- 
mentals Based on Temperature, Defoliation 
and Kind of Media 

By H. C. Esper and L. R. Roof, Ohio State University, 
Columbus, Ohio 

^EXPERIMENTAL work during the past few years has shown 

that materials other than sand deserve consideration as media for 
the vegetative propagation of plants by oittings. Peat and combina- 
tions of peat and -sand, as well as slag and combinations of slag and 
peat, or slag and sand, may be superior to sand as propagating media. 

The ideal bottom heat in stimulating rooting has been given little 
attention. If a difference of 8 or 10 degrees in temperature is as 
effective in stimulating or retarding root action as it is in top growth 
relations, there is need of more research in this direction. 

The effect of defoliation has been a matter of contention and little 
work has been done to check the effect of leaf removal partial or 
whole, against the retention of the full leaf surface on cuttings. 

With these three factors in mind, a series of investigations con- 
cerning the rooting of cuttings of ornamentals was started at Ohio 
State University in the winter of 1930-31. 

Effect of Bottom Heat 

In the University greenhouse in which the experiments were con- 
ducted, hot water heats the propagating bench. Four pipes extending 
the length of the bench can be regulated to supply a given jSow. The 
temperature thus maintained averages about 60 degrees F. 

During the wdnter, an Electromaster Heating Unit, manufactured 
by Electromaster, Inc., of Detroit, was used. Each unit is 33 by 33 
inches, approximating 9 square feet of space. The Electromaster 
electric heater has an adjustable thermostat which can be regulated 
to afford temperatures of from 55 to 90 degrees F. 

The heating unit was installed directly below the bench and was 
completely closed on the bottom and sides so that the greater por- 
tion of the heat would go up into the propagating bench. The propa- 
gating bed was filled with 8 inches of sterilized sand, and the ther- 
mostat of the heating unit was so regulated that a temperature of 70 
degrees F. was maintained in the medium, which was 10 degrees 
higher than that maintained in the check ]>ropagating bed. 

-Cuttings were inserted on January 28, 1931, in both the check plot 
and the one with additional heat, of Coleus blumei; Chrysanthemums 
Silver Sheen, Gladys Pearson, Garza and Alice; An^ 

tirrhmum majus; Hedera helis;: F^^ Dianthus, 

White Matchless; cineraria; peruvianum; 

Felicia amettmd^; Fegonia nielior: Plumbago campensis; Mathiola 
incam; Pandanits zfcitchi; Aedypha tricolor; Allamanda thomsonae; 

v,„V: '' , 
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Sansevierla zylandica; Clerondendron thorns onae ; Achyranthes hriU 
liantissbna; Stevia serrata; Santolina incana; Btiddleia davidi; Fiis^ 
cilia hybrida; Petunia hybrida; and Lantana camara. 

In all cases except Santolina incana, the time required for rooting 
cuttings was reduced with a temperature of 70 degrees F. During 
late winter cuttings in the check plot required from 4 to 16 days 
longer to attain the same degree of rooting as secured at 70 degrees 
F. During the early spring, with more sunny days there was com- 
monly a difference of 3 to 4 days or more. 

Usually the rooting percentage was in favor of the plot at 70 de- 
grees F., but during the warm sunny days of spring in three cases a 
higher rooting percentage was secured with the check plot. With 
sunshine, maintaining a uniform temperature of 70 degrees F. be- 
comes a more complicated problem with the Electromaster heating 
unit. 

These results indicate that a temperature of 70 degrees F. is more 
suitable for rooting most species than a temperature of 60 degrees F. 
\Mth other species, like Pandanus reitchi, it is a necessity. 

■ Effects of Defoliation 

During the middle of January, 1931, a preliminary experiment was 
begun to find the effects of defoliation on the rooting of cuttings. 
Cuttings were made up in four ways when sufficient material was at 
hand, namely, (1) all leaves removed, (2) half of the leaves removed, 

(3) half of the leaves removed and remaining leaves trimmed, and 

(4) no leaves removed. Cuttings were then inserted in a sand me- 
dium in the usual manner. 

A slightly different procedure was used during the following 
spring, the cuttings being made up with (1) all leaves trimmed to 
reduce the leaf area approximately one-half; (2) half the lower 
leaves removed, and (3) no leaves removed. Approximately the same 
amount of leaf surface was allowed in cases (1) and (2) above, and 
an attempt to approximate the usual defoliation was made. 

Species of plants used in the defoliation experiments were Chrysan- 
themums, Mistletoe, Silver Sheen, and Gladys Pearson ; Antirrhinum 
majus; Fuschia hybrida. Black Prince, Trophee, Indianola, and 
Double White; Dianthus caryophyllus^ Morning Glow and White 
Matchless; Vinca major, Begonia sem{>erfl&rens tumifwsa. Coleus 
bhimei, Helotropium perwuiamm, Pelatgonimn hoHorum, Santolina 
incana, Achyranthes brilliantissima^ Bind Hydrangea hortensis. 

In practically all cases as high of higher rooting percentages were 
secured with defoliated cuttings. However, the number and length 
of roots per cutting was encouraged by the additional leaf surface 
exposed. Complete defoliation, as might be expected, gave poor re- 
suits. ' . . ■ 

These experiments, though not condusiye, indicate tha tii it^Idhg 
cuttings of many varieties of plants, root development and gro^h i$, 
in proportion to the leaf $urfak:e exposed. In several cases, as 
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Achyranthes brilliantissmia and Chrysanthemum, undefoliated cut- 
tings grew at least one-third taller in the bench. It would seem that the 
size of leaf of the plant should be the governing factor in defoliation. 
If the leaf area is large, as with Hydrangea hortensis or Coleus 
blumei, it should be somewhat reduced. If the leaf area exposed is 
small, as with Santolina incana, or Dianthus caryophyllus, defoliation 
has but little effect. With most plants having medium-sized leaves, 
where root development is promoted, it would seem best not to prac- 
tice defoliation, at least not on the scale in common practice. 

Effect of Media 

During the fall and winter of 1930-31 tests of rooting in various 
media were made. Slag, sand, peat, equal mixtures of peat and sand, 
and peat and slag were tried. Nine species of plants were tried in 
these media, namely, Crassula arborescens; Begonia melior; Helio- 
tropimn pertmanum; Pelargonium graveolens; Santolina incana; 
Echeveria secunda glauca; Dianthus, White Matchless ; Vinca major; 
and Stevia serrata. 

Begonia melior and Dianthus, White Matchless, showed highest 
percentage rooting in pure slag; Heliotropium peruvianum rooted 
best in the mixture of peat and sand ; Echeveria secunda glauca and 
Vinca major rooted best in pure sand; Santolina incana and Stevia 
serrata gave best results in the mixture of peat and slag. Crassula 
arborescens gave perfect rooting percentages in the mixture of peat 
and sand, in peat and slag, and in pure sand, and Pelargonium grave- 
olens rooted 100 per cent in both pure slag and pure peat, media very 
unlike in all respects. 

Slag when used as a medium by itself produced from fairly well 
rooted to well rooted plants in the different species. Since slag alone 
is not very retentive of moisture, slag and peat together form a very 
desirable medium, for root stimulation and root growth. Peat, being 
very retentive of moisture and containing some little nourishment, when 
combined with slag, should make a good combination for many plants. 
Since slag is decidedly basic, testing well over over pH 8, while peat is 
acid (pH 4), a slightly acid medium is secured when the two media 
are combined. With peat, plants seem to fall into either one of two 
classes, Le,, rooting either exceptionally well with long and well de- 
veloped root systems, or very poorly. 

Results given here indicate that sand is not the best propagating 
medium for all plants. The combinations of peat and slag, and peat 
and sand are particularly valuable. 



Factors Influencing the Rooting of Deciduous 
Hardwood Cuttings 

By L. C. Chadwick^ Ohio State University^ Columbus, Ohio. 

TOURING the past few years considerable experimental work on 
factors influencing the rooting of cuttings has been published. 
Much of this has dealt with deciduous softwood cuttings, with less 
attention given to evergreens. The little work reported with decidu- 
ous hardwood cuttings has dealt mostly with tests to determine their 
immediate rooting ability when taken at different periods of the year 
and handled in different media. Little work of importance has been 
done on the storage factors and their relation to the subsequent root- 
ing ability of the cuttings. 

A large number of ornamental plants are propagated by hardwood 
cuttings. As ordinarily handled by commercial nurserymen the vrood 
is gathered in late fall after a few hard freezes have occurred and 
the cuttings are made into lengths of 7 to 9 inches and stored in 
bunches of 25 to 50. Very little attention is given to either the top 
or basal cut. The cuttings are stored in various positions in boxes of 
moist sand that are kept in cool places, such as storage cellars, or 
buried in sandy knolls outside, until the following spring, when they 
ai'e lined out in nursery rows. This empirical practice with its many 
minor variations has been handed' down to us from early gardeners 
and has little scientific background. 

As a preliminary study the following factors were considered : the 
influence of (1) the time of taking, (2) storage media, (3) the posi- 
tion of the basal cut. and (4) storage temperature, on the subsequent 
rooting of the cuttings. 

Cuttings were taken and stored as indicated in the various tests. 
All cuttings were lined out in early April in a clay loam soil under 
an overhead irrigation system. The data were recorded in late May, 
after considerable growth had taken place. Since hardwood cuttings 
frequently send out shoot growth soon after planting, but roots fail 
to develop and they die, only those cuttings showing vigorous top 
growth were counted as rooted. 

Cuttings were taken each month from November to April. Sets 
were made with the basal cut (1) inch above the node, (2) at the 


TABLE I — The Influence of the Time of Taxing on the Rooting 
OF Hardwood Cuttings 
(Percentage Rooted) 


Plant 

Month of Taking 

November 

December 

January 

February 

March ■ 

. Aiidi* ■' ' 

Cornm alba 

62 

64 

76 

78 

' '66 i 

68 

Ligustrum vulgar e . . 

0 1 

8 

86 . 

70 


106 

Lonicera tmrrowi. , 

48 

,54 ■ 

76 

92 

1 ■ 98' . , 1 



J Cuttings were taken, made, and lined out directly in the nursery row. 
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node, and (3) inch below the node. Storage was in sand, a mix- 
ture of equal parts by volume of sand and peat, and in peat. To 
present the data clearly and concisely it has been summarized on the 
unit basis of 50 cuttings. 

The data in Table I show clearly that late winter and early spring 
is a better time to take cuttings than late fall and early winter. The 
variation with Cornus alba, though not great, was consistent. 

TABLE II — The Influence of Different Storage Media on the Rooting 
OF Hardwood Cuttings 


Plant 

Medium 

Month of Taking 

November 

December 

January 

February 

March 

Cornus alba .... 

Sand 

38 

66 

76 

70 

58 


Sand and Peat 

62 

64 

i 60 

78 

66 


Peat 

28 

44 

50 

42 

52 

Ligusirum vul- 

Sand 

0 

8 

86 

56 

90 

gate 

Sand and Peat 

0 

2 

52 

70 

9S 


Peat 

0 

0 

52 

56 

90 

Lonicera mor- 

Sand 

48 

54 

76 

82 

96 

Yowi 

Sand and Peat 

24 

38 

66 

92 

9S 


Peat 

24 

12 i 

54 

82 

82 


From the data given in Table II it would seem that there is little 
difference between sand and the ‘mixture of sand and peat moss. 
Considering the months in which the cuttings rooted best the mixture 
of sand and peat has a slight advantage. The shorter the storage 
period the better were the results received with peat moss. 

TABLE III — ^The Influence op the Position of the Basal Cut in Relation 
to the Node on the Rooting of Hardwood Cuttings 
(Percentage Rooted) 


Plant 

Position 
of Basal 
Cut ! 

Month of Taking 

November 

December 

January 

February 

March 

April! 

Cornus alba 

Above 

44 

50 

54 

74 

58 

56 


At 

54 

56 

65 

56 

66 

64 


Below 

40 

50 

74 

74 

60 

72 




2 

70 


98 

100 





64 

68 i 

88 

100 

Below 


8 

72 

54 ! 

1 

92 

96 

Lonicera mor- 

Above 

30 

28 

56 

82 

92 

52 

ram. 

At 

20 

38 

66 

86 

94 

84 


Bdow 

42 


72 


96 

36 


^Cuttings were taken, made, and lined out directly in the nursery row. 


The data recorded in Table III show that a basal cut inch below 
the node was slightly superior to the cut at the node 

proved as good in nearly as inany cases. The one above the node 
seems inferior accept w 
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A test was started in the fall of 1930 to study the influence of dif- 
ferent temperatures on the storage of hardwood cuttings. The cut- 
tings were handled as indicated in the headings in Table IV. 

TABLE IV — The Influence of Storage Temperatures on the Rooting of 
Hardwood Cuttings 


Percentage Rooted^ 


Plant 

Taken and 
Lined Out 
in Nov. 

Stored Con- 
tinuously at 
40’F. 

Stored 

2 Wks. at 
60“P.. then 
at 40=F. 

Stored at 40°P 
Except Last 2 
Wks.at60®F. 

Taken and 
Lined Out 
in April 

Cornus alba 

20 

60 

80 

48 

72 

Hibiscus syriacus. , . . 

20 

64 

66 

28 

8 

Lofiicera morrowi .... 

84 

36 

76 

20 

84 

Ligustrum vulgare ! 

88 

I __ 1 

— 

— 

100 


‘50 cuttings used as the unit. 


The data recorded in Table IV indicate that a high temperature 
for a period of 2 weeks at the start of the storage period is beneficial. 
Cuttings taken in the fall and in the spring and lined out directly gave 
better results tlian expected, but there was considerable variation 
among the different plants. 


Discussion 

The accepted practice in taking cuttings ( 1 ) is in autumn or early 
winter before heavy freezing has occurred. The data recorded here- 
with indicate better results occur -when they are taken late in winter 
or early spring. A possible explanation for this fact is that the shorter 
the time the cuttings are in the storage medium the less is the chance 
of their drying out, while bacterial and fungus infections may also 
be avoided. Several investigators (5,9,4), have shown that there is 
considerable change in the nature of the food supply during the win- 
ter months. The food supply influences the formation of root initials 
and healing tissues. It is possible that the change in the food supply 
is more favorable when the cutting wood is attached to the plant in its 
normal condition than wdien stored as detached individuals in some 
storage medium. 

The advantages of taking cuttings late in the winter, other Aan the 
increased percentage of rooting, are that there is more time for such 
work and less attention required b^use of shorter ^storage period. 
Except for the rush of the spring season it would seem advisable to 
take cuttings and line them out directly, if results could be obtained 
similar to those secured in this test. 

The disadvantage of taking cuttings in late winter lies in the danger 
of obtaining frozen or partly weakened wood. One impojrtant fact 
derived from this test is that the propagator ne^ not limit hjinself: 
to a short period in taking his hardwood cu^ings^ 

The advantages of peat in the rtKiring inediurn for spftwbc^ 
tings have been definitely prpved, (2,8). Its influence in 
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medium for hardwood cuttings seems, less important but it is elf ective 
in many cases. The effectiveness of the peat moss probably lies in 
the fact that fluctuations in moisture and temperature content are 
somewhat less, together with increased acidity. It is difiicult to 
maintain a sufficiently low moisture content in peat to make it a 
satisfactory storage medium. This is especially true if the cuttings 
are stored for considerable time. With the shorter storage periods 
peat of low or medium moisture content makes an ideal medium. 

The superiority of the basal cut made below the node has been 
clearly shown by Chadwick (3) working with softwood deciduous 
cuttings. The various reasons given for this reaction do not need 
discussion here. The position of the cut seems less important with 
hardwood cuttings. This is due in part to the difference , in anatomical 
nature of soft- and hardwood cuttings. Other conditions for rooting 
being satisfactory, it would seem that the position of the basal cut 
will not influence the process enough to make it advisable for the 
commercial propagator to make the cut in some exact position on 
such cuttings. 

The explanation of the fact that a high temperature for a period of 
2 weeks at the start of the storage period is beneficial probably lies 
in the nature of the root and shoot development of cuttings taken in 
the fall. Since rest in plants is localized in the buds, as has been 
definitely proved by various investigators, (5,6,7), the explanation 
of the reaction of hardwood cuttings to the temperature change seems 
apparent. Buds on cuttings taken in November are in a resting condi- 
tion but since the root initials and meristematic tissues at the base of 
the cutting have no resting stage, the high temperature at the start of 
the storage period enables callus and root initial development to pro- 
ceed at a more rapid rate than would occur at the lower storage tem- 
perature. Thus at the time the temperature is lowered the basal cut is 
well healed over by a protective, suberized layer, if not hy a callus, 
and undoubtedly considerable root initial development has occurred. 
The 40 degrees F. throughout the winter is sufficient to hold the root 
development in check and at the same time to break the rest period 
of the buds. Very little, if any, shoot development, however, takes 
place at this temperature. When the cuttings are lined out in the 
spring the roots and shoots are ready for simultaneous development, 
which is the desired condition. 

Storage at a continuous low temperature (40 degrees F.) usually 
gives good results, but at this temperature the basal wound is often 
not properly healed and root initial development is checked. This 
condition may result in basal decay and a slow root development in 
the spring that frequently results in death of the cutting. 

The storage period ending with a 2-week period at 60 degrees F. 
does not seem favorable. This is probably due to the fact that the 
high temperature aids a pre-season shoot development, using the 
{0CKi in the cutting the expense of root development. 

The practice of IMng out cuttings in the fall proved successful 
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with Ligitstmm viilgare and Lonicera morrowL This should become 
commercially pracitcal with the hardiest types of cuttings and where 
a sandy field is available for the lining out area. In heavy soils con- 
siderable heaving is apt to occur unless mulching is practiced. Cut- 
tings taken in early spring and lined out at once frequently do not 
give good results because shoot growth takes place previous to root 
development. With those types of cuttings that are rather slow in 
breaking buds in the spring this method of handling may be feasible. 
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Experiences in Rooting Soft and Hardwood Cuttings of 

Hardy Fruits 

By H. B. Tukey and Karl Erase, Experiment Station, Geneva, N. Y. 

•JHE difficulties experienced in the rooting of cuttings of the hardy 
fruits have been recorded by many workers. The data in this 
paper are presented in order to place on record still another set of 
conditions for the same general problem, the work being done at 
Geneva, N. Y. 

Softwood Cuttings of Apple, Cherry, Pear, and Plum 

Softwood cuttings were made at three dates in mid-summer with 
two varieties of apple (Pyrits mains), two of sweet cherry (Prumis 
avium), two of plum {Prunns domestica and F. cerasifera), and one 
of pear {Pyrus communis), using wood from bearing trees in the 
varietal orchard. They were struck in bank sand, in granulated peat 
moss, and in equal parts of each, in both an outdoor hotbed and in 
the greenhouse with additional window sash cover. 

The results are shown in Table I, where it is seen that from 1,080 
softwood apple cuttings of two varieties, struck at three ctates in 
mid-summer, in three different rooting media, and in two locations, 
not one rooted plant was obtained. Of the cherries, one rooted cutting 
was secured from a like number under a similar set of conditions ; 
while with pears only one cutting rooted from 720 made. Although 
the rooting of Italian Prune (Primus domestica) was negative, a 
small number of De Caradeuc (Prumis cerasifera) cuttings were 
successful and developed into strong plants. It is interesting to note 
that P, cerasifera is one of the parents of the Marianna plum, used 
as an understock for plums, and propagated regularly from cuttings 
in the Southwest The most successful medium for rooting was the 
peat-and-sand mixture, with peat alone next. 

It is also interesting to note that on March 28, after 9 months in 
the propagation frames, these softwood cuttings were still alive 
and calloused, some of the pear cuttings were still alive, most of the 
cherry cuttings were dead, all of the Italian Prune (Prmius domes- 
tka) cuttings were dead, and many of the DeCaradeuc (Prumis 
cerasifera) cuttings were still alive. All of the footed cuttings de- 
veloped into vigorous plants. 

Hardwood Cuttings of Apple Varieties 

Hardwood cuttings were made of five varieties of cultivated apple 
(Pyrus fnalus) zni oi Malps struck in equal parts of peat 

and sand in late winter in the gre^house, using cuttings of both 1- 
year-old wood, and also 1-year-old wood plus portions of 2- and 3- 
year-old wood. Cuttings were rnade from baring trees. From this 
lot of Ijardwood^^ only one cutting Tivas rooted, as seen in 

Table II, namely^ia part 2- and part 3-year-old wood, 
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TABLE I — ^Rooting of Softwood Cuttings (1930) 
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TABLE II — Rooting of Hardwood Cuttings of Cultivated Apples Struck 
IN Greenhouse in Equal Parts of Peat and Sand, on February 20, 1930 




Wood Used 

Number Rooted 


No. 

Cuttings 

1-Year 

Wood 

2- and 3- 
Yr. Wood 

1-year 

Wood 

2- and 3- 
Yr, Wood 

Malus baccata 

20 

10 

10 

0 

1 

Northern Spy 

20 

10 

10 

0 

0 

Rome 

20 

10 

10 

0 

0 

Ben Davis 

20 

10 

10 

0 

0 

Whitney 

20 

10 

10 

0 

0 

McIntosh 

20 

10 

10 

0 

0 


120 

60 

60 

0 

1 


Hardwood Cuttings from Layered Apple Plants 

Hardwood cuttings were made from strains of vegetatively propa- 
gated apples during the seasons of 1930 and 1931. The material 
used comprised the unrooted shoots from layered plants, some with 
portions of 2-year wood attached, and some without. In addi- 
tion cuttings were made from both tips and bases of 1-year wood. 
Table III shows the greatest success to have been obtained in the 
season of 1930, in general with cuttings carrying a portion of older 
wood. No rooted cuttings were secured from either tips or bases of 


TABLE III — Rooting of Hardwood Cuttings of Layered Apple Stocks, 
Struck in Field on May 21, 1930, Prom Cuttings Made in March, 1930 



} 

1 Wood Used 1 

1 Per cent Rooted 


1 No. 

Cuttings 

1-Yr. 

Tips 

l-Yf. 

Bases 

2-Yr. 

Wood 

1-Yr. 

Tips 

l-Yr. 

Bases 

2-yr. 

Wood 

Mailing Type I (English 
Broadleaf Paradise) 

170 

40 

100 

30 

0.0 

0.0 i 

56.5 

Mailing Type IX (Jaune de 
Metz ' 

65 


25 

40 

0.0 

0.0 

57.5 

Mailing Type XII 

50 



20 

30 

0.0 

0.0 

0.0 

Mailing Type XIII 

290 

50 

200 

40 

0.0 

0.0 

7.5 



575 

90 

345 

140 

— 

— 

— 


l-year wood, whereas 56.5 per cent of Mailing Type I (Broadleaf 
English Paradise) and 57.5 per cent from Mailing Type IX ( Jaune de 
Metz) were rooted in the case where heel cuttings of 2-year wood 
were used. On the other hand, only 7.5 per cent were secured from 
Mailing Type XIII, and none from Mailing Type XIL 
For the season of 1931, Table IV shows the same relative rooting 
ability of the various types of stocks used, in which Types I and IX 
rooted best, and Type XIII rooted poorly. French Doucin rooted 
well, especially on 1-year wood. By contratst with the season of 
1930, some rooting of 1 -year wood was experienced for all types used 
excepting Type IX^ although in general the heel cuttings of 2-year 
Wood were again more successful. 
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TABLE IV — Rooting of Hardwood Cuttings of Layered Apple Stocks 
Struck in Field April 24, 1931. (Dug November 24, 1931) 


Material 

j Wood Used 

Per cent Rooted 

l-Yr. Wood 

2-Yr. Wood 

l-Yr. Wood 

2.Yr. Wood 

Mailing Type I (English Broad- 




49.0 

leaf Paradise) 

28 

53 

17.8 1 

Mailing Type IX (Jaune de 



0.0 

22.5 

Metz) 

50 

80 

Mailing Type XIII 

150 

50 

5.3 

0.0 

Doucin (French) 

SO 

300 

51.2 

23.0 

Total 

1,308 

483 




The greater success with so-called “heel cuttings*’ of these layered 
plants may be due to the presence of root primordia in the older 
wood, and the varying degree of rooting of 1-year wood may be due 
to the degree root primordia formation has progressed the preceding 
season, depending upon the season and the time the cuttings were 
made. 

The results are in sharp contrast to the success obtained by trench- 
layering and mound-layering these types of vegetatively propagated 
stocks on the same type soil and under the same climatic conditions 
at Geneva, N. Y., as reported a year ago ( 1 ) , yet they are of prac- 
tical significance in that they supplement the rooting of the layered 
stocks. 

If 46 to 67 per cent of the shoots from mounded- and trench- 
layered plants of these types can be rooted ( 1 ) and if then the un- 
rooted shoots from these mother plants can be rooted as hardwood 
cuttings the following season to the degree here shown, the total per- 
centage of rooted shoots brings the practice within the range of 
commercial possibility. 

Hardwood Cuttings of Quinces 

Quince cuttings were taken from layered plants, using four types 
of quince, and both 1-year and part 2-year wood, and were started 
in the field April 25, 1931. The importance of a portion or ‘‘heer^ 


TABLE V — Comparison of Rooting of Heel and 1-year-wood Cuttings of 
Quince Struck in Field April 25, 1931 (Dug Nov. 24, 1931) 


i 

1 

[ Wood Used 

1 Per cent Rooted 

I-Yr. Wood 

Heel of 
2-Yr. Wood 

l-Yr. Wood 

Heel of 
2-Yr, Wood 

Angers Quince (French) 

315 

790 

7.6 

54.1 

Angers Quince (English) 

Angers Quince (Type A) 

55 

140 

— 

5.4 

15 0 

. 

Angers Quince (Type B) 

00 


OD 


Angers Quince (Tjrpe C) 


oO 

80.0 


570 

840 
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of 2-year-old wood is well shown in Table V, in which heel cuttings 
on Angers quince rooted 54 per cent, whereas cuttings with no older 
wood gave only 7 per cent rooting. Here again the success with heel 
cuttings may be due to the presence of root primordia in the older 
wood. 

Conclusions 

These results, then, show the difficulty involved in rooting both soft 
and hardwood cuttings of the hardy fruits ; the much greater relative 
ease of rooting of certain selected strains of fruit plant materials; 
the great importance of genetic make-up in any rooting response ; the 
increased rooting where heel-cuttings of older wood are used, a fact 
which probably means the presence of root primordia at the time 
cuttings are made; and the greater commercial possibility of vege- 
tatively propagated stocks through the rooting of shoots as cuttings, 
which did not root when layered. 
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Vegetative Propagation of Deciduous Fruits 

By W. L. Howard. University of California, Davis,- Calif. 

^HE chief reason for wanting to propagate fruit trees asexually 
has been to secure own-rooted varieties, and the reason for 
wanting own-rooted varieties has been to eliminate defects and dif- 
ferences in rootstocks and possible weaknesses in the graft union. 
We in this country have given very little attention to the growing 
of fruit stocks b}' vegetative means, and until quite recently the 
same was true of Europe. To a limited degree we have made use 
of plum and quince cuttings while in Europe they have long employed 
stooling for the propagation of quince and Paradise apple stocks. 
Seedling stocks are still in general use in both hemispheres but there 
is an incessant demand both here and abroad for something better. 

We have tackled the problem in one way, Europeans in another. 
We have gone in the direction of eliminating stocks while they 
have tried to improve and standardize their stocks. In our efforts 
to secure own-rooted stocks or varieties, cuttings either of stems or 
roots have been employed more generally than layers, not because 
they were better but because they were cheaper and a more rapid 
medium of multiplication. European investigators, on the other 
hand, have pinned their faith to layers. As before stated, our whole 
ambition seems to have been to produce varieties on their own 
roots, and horticulturists of the United States being chiefly inter- 
ested in the apple, have centered their efforts upon trying to multiply 
varieties of that fruit. J. K. Shaw is easily the pioneer in this 
field, but his fellow sufferers could be numbered by the score. 
Practically every experiment station has dabbled with the problem 
more or less. Auchter (1) has recently published a comprehensive 
summary of the literature on the principal trials that have been 
made in this country to root hardwood cuttings of apples as well as 
other deciduous fruits. 

He reviews the experiments of Luke, Shaw, Vierheller, Morris 
and Jensen, Swingle, Gardner, and Lowrie, with stem cuttings, 
and Yerkes, Bradford, Upshall, Upshall and Gardner, Scott, and 
Zimmerman, with root cuttings. Briefly both methods were con- 
sidered to be impractical and the difficulty was basically the same in 
both cases, namely, that the parts failed to produce sufficient roots. 
Many found that the younger the wood, both stem and root, the 
better roots formed, but there were not enough of them. Year-old 
seedling stems rooted well and so did the roots when made into 
cuttings, but unfortunately both were useless for multiplying varie- 
ties. Their value for stock purposes was not discussed. My own 
opinion is that if 2-year-old root systems can* be successfully used 
as cuttings this would be a very promising way of multiplying 
varieties as well as propagating rootstocks of known performance. 
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After reviewing some of the difficulties in the way of getting 
stem and root cuttings to root and saying that we must look to 
science for a solution of the problems Auchter sums up by saying, 
*‘In the meantime American propagators of fruit trees will probably 
continue to use seedling stocks. Any method of propagation by 
root or stem cuttings which will replace the seedling stock, at least 
under the present status of American horticulture, must be so suc- 
cessful that it can be accomplished under field conditions and with 
a minimum of time and expense. It may be that before such propa- 
gation methods are evolved, changing conditions in American hor- 
ticulture will develop such a need for root systems of a certain 
vigor, uniformity, adaptability to environmental conditions, or 
resistance to disease and insects, that some of the more costly 
propagation methods now available will be employed.” 

What has been said above refers to results from the usual 
methods of handling the cuttings, even to the employment of chemical 
treatment and bottom heat. By a new method of partial layer- 
ing perhaps any and all deciduous fruits, both trees and shrubs, 
can be made to root readily from hardwood stem, cuttings. This is 
the so-called “etiolization process” employed with great success by 
the East Mailing Research Station (2) (3) (4). Equal success 
has attended the use of a special form of layerage perfected by 
Hatton (S) and his co-workers at the same station. The main 
idea involved in this last mentioned method is very old but full 
credit should go to the East Mailing Station for demonstrating its 
possibilities in a practical way. The earliest reference to it I can 
find is by Esbjerg (6) who tells about its having been used for the 
propagation of apple trees in Denmark as long ago as 1537. Also 
A. J. Downing (7) writing in 1869, described a somewhat similar 
method of laying down entire trees and causing sprouts to arise 
from the buds. 

In principle the new method of propagating by hardwood cut- 
tings is to grow the wood in such manner that the bark at the base 
of each sprout does not have an opportunity to form its natural 
color. Perhaps the easiest way is to bank earth around them as 
they are growing- Strictly speaking they are not etiolated because 
they have not had any dark color to be bleached out. The color 
is simply not allowed to form. When detached from the parent 
plant and used as cuttings all deciduous fruits tried have given a 
high percentage of rooting. Apparently an inch or so of whitened 
surface is all that is necessary to cause perfect root formation. 
The chief drawback to the method is that only one cutting can be 
made from each sprout Still this would be a sure method — ^but a 
slow one — of growing stocks of known performance. For con- 
venience the parent trees from which cutting wood is to be grown 
may be set 2 feet apart in nursery rows;^ should leave room 

enough for the mounding process. The cuttings may be treated in 
the ordinary way, that is by storing them for* callusing or by plant- 
ing them out in late fall. Qimadc conditions will determine 
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whether they should be held until spring before planting. If the 
ground freezes to a depth of several inches in winter, spring plant- 
ing is to be preferred. If the ground freezes to a depth of* only an 
inch or two, fall planted cuttings would be safe, particularly if 
they were slightly mulched with straw or litter. 

By the new East Mailing method of layerage mentioned the whole 
tree is laid down and all parts gradually covered with earth as the 
sprouts arise from the true buds. Closely allied to this form of 
layerage is the method known in England as stooling but in this 
country often referred to as mound layering. Stooling has been 
employed for propagating Paradise apples and quince perhaps as 
long as these fruits have been grown. Bunyard (8) tells us that the 
French Paradise can be quite definitely traced back to the year 
1507 and is still being grown and that the English Paradise (Type 
7), can be traced back to the 17th century. The Portugal quince 
was brought to England in 1600. 

On account of the success of the new method of layerage thus 
far attained our hopes are again revived that we may now have 
varieties upon their own roots at will, and in addition a method of 
multiplying stocks that maintains purity of type. The only disad- 
vantage about it is that it will always be an expensive method of 
producing either stocks or rooted varieties and probably will never 
be entirely adopted by our nurseries to the exclusion of older 
methods. 

The new method of layerage may render budding and grafting 
obsolete by making them unnecessary. This can be done, however, 
only after we have determined whether our common varieties will 
thrive on their own roots. Possibly some of our best may demand 
something else as stocks. It is to be hoped that there may be 
wide trial of own- rooted varieties in order to acquire information 
on this point as rapidly as possible. 

The chief claim to fame of the East Mailing method of layerage 
is that it makes possible the standardization of stocks that are to be 
used for budding and grafting purposes. 

Stooling and layering are similar in principle. Both depend upon 
securing sprouts from the true buds which are caused to take root 
while in place. Experience has shown that some fruits are best 
handled by one method and some by the other. Trees that are to be 
mounded, that is stooled, or layered, should be as young as possible 
when planted. Peaches, all dwarf apples, and perhaps most of the 
quinces, especially the weaker growing types or varieties, should be 
stooled. The trees to be stooled may be set 2 feet apart in nursery 
rows. Allow them to attain one season's growth and then cut them 
back to within 2 inches of the ground or as low as possible if grafted 
trees are being used. To secure rooted plants the same season, the 
mounding process will have to be gradual, more and more fine soil 
being added as the sprouts elongate. In case aiiy of the sprouts 
fail to root the basal portions will be "etiolated*' sufficiently so that 
they can be used as cuttings. Best results are secured in stooling 
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where the soil is mounded to a depth of 6 to 8 inches, especially in 
the lighter soils. During the mounding process the sprouts may be 
given more room to develop by crowding the soil around them so 
they are forced away from the center of the mound. The sprouts 
are detached in autumn and if rooted are treated as separate trees 
and if not, as cuttings. By careful manipulation perhaps nearly 
all varieties of apples, as well as plums, could be rooted in this way. 

English experimenters and nurserymen have found it best to 
layer all plums, standard apples, pears, cherries, and the stronger 
varieties of quince. For a long time the Mahaleb cherry i-esisted 
all attempts at propagation by either layering or stooling. Appar- 
ently they could be grown only from greenwood cuttings made 
from the growing tips. Latterly, however, Mi’. Witt of the East 
Mailing Station has found types that layer reasonably well. 

To layer by the East Mailing method 1-year-old trees should be 
planted 3 to four feet apart in wide nursery rows. They are in- 
clined along the row at an angle of approximately 30 to 45 degrees 
from the horizontal, and then left to grow throughout the season. 
In early spring they are laid down in a trench 2 to 3 inches deep, 
the main stems and strong laterals being tipped lightly to remove 
all soft wood. Weak laterals are pruned back to two or three buds. 
All parts of the stem and branches should be flattened against the 
ground and held in that position by means of notched stakes or U- 
shaped pieces of galvanized wire. If any part of the tree can not be 
flattened against the ground, cut it off. 

In the case of plums all layered parts should be covered about' an 
inch deep with fine soil jasi before the buds open. It is important 
that this layer of soil be not too deep or many of the buds will fail 
to develop at all. The new shoots are thus forced to push their 
way through a layer of soil which prevents the bark from coloring 
arid facilitates quick root formation. 

Apples, pears, quinces, and cherries, are left uncovered until the 
sprouts begin to arise. With all species, when the sprouts have 
reached an average height of about 3 inches, fine soil is shoveled 
around them and this process is repeated at intervals until the 
layered stems are covered to a depth of about 6 inches, after which 
they will require no further attention other than cultivation or irri- 
gation until the dormant season. Care should be taken not to cover 
the growing points during the mounding process. 

In late fall when the leaves are off and the wood is thoroughly 
dormant the soil is drawn away from the layers and the rooted 
shoots detached from the parent plant. They should be clipped 
off with pruning shears or a sharp knife, being careful not to lift 
the layers out of their position. The rooted shoots are either lined 
out in the nursery or heeled-in until spring according to local prac- 
tice and climatic conditions. 

The old layers should be completely uncovered and left that way 
until the following spring, when the program of the previous year 
is repeated. Care should be taken to see that the layered plants 
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are flat on the ground as they were originally. If some parts have 
been raised higher this will result in some of the shoots being cov- 
ered to a greater depth than others. The trouble is not so much in 
the difference in covering as in the handicap some will suffer in 
emerging through the first thin layer of soil. If covered too deeply 
in the first place the buds fail to get through and if the cover is too 
shallow, ''etiolization'' fails to take place and the shoots do not form 
roots. 

Apples are perhaps easier to layer than other fruits. The sprouts 
may even be 5 or 6 inches high before any mounding is attempted 
since satisfactory rooting will often take place even though the 
sprouts have not been properly “etiolated"’. If rightly handled 
most trees can be layered annually over a period of several years. 
The production and removal of sprouts is analogous to heavy an- 
nual pruning which of course makes for increased vegetative 
growth. Too much vegetative growth, however, is undesirable, 
as the sprouts from such plants do not root so well as those from 
trees making a more moderate growth. As a matter of fact as the 
trees advance in age the shoots coming from them tend to decrease 
in vigor and to increase in number so it is frequently found that 
until varieties in which rooting is difficult in the early years the sprouts 
tend to root better and better as the parent trees become older. 

The cost of growing layered apple stocks in England for the 
season of 1930 averaged about $^.00 per thousand. This figure 
is based on an average yield of 80,000 to 100,000 trees per acre. 
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Notes Upon Stock and Scion Relations in 1931 

By R. H. Roberts., Un 'wersity of Wisconsin^ Madison, IV is, 

PREVIOUS reports have indicated an apparent lack of logical 
basis for an explanation of “Compatibility” of stocks and scions 
(1,2). By varying the cultural technique followed, results have 
been secured which indicate that the growth of a bud upon a stock 
in the nursery is decidedly related to the typical growth period of 
the two varieties. By growth period is meant the relative time at 
which growth starts in the spring, proceeds through the summer 
and maturity begins in the late summer or fall. A list of the varie- 
ties used as stocks, arranged according to seasonal growth habits 
this year would be: Tetofsky, Livland, Whitney, Wealthy, Spy, 
and York. The average growth in centimeters of the early varie- 
ties Yellow Siberian and Tetofsky upon these stocks was: 109.2, 
93.4, 85.2, 78.8, 63.0, and 42.4. These measurements show a de- 
creasing growth of these scion varieties as the usual maturity of 
the stock variety becomes progressively later in the season. 

Why was this result secured when the data in other seasons 
seemed to give no indication of a factor being correlated to the 
growth made between scion and stock — in this case buds upon 
grafted whips? The difference lies in the budding program fol- 
lowed. 

Earlier evidence showed that large and small nursery trees tend 
to retain that relation in successive seasons even though the original 
diiference may be due purely to nutritional causes. This seems to 
be true of varieties as well as individual trees. Thus a variety as 
Tetofsky which makes a small first season growth as compared to 
Spy for example, would be of unequal value as a stock merely be- 
cause of a difference in growth rate. On the other hand, it is com- 
mon for nursery trees of unequal size to make much more nearly 
the same growth after being cut back. This applies to varieties as 
well as individuals of a variety. Consequently the grafts of 1929 
were not budded that year but were cut back in the spring of 1930 
and budded in August, 1930. This gave stocks of more nearly the 
same vigor than occurs the first season and should permit of a 
better measurement of the relative effect of the stock upon a scion 
variety, due to the partial elimination of a serious variable, the 
unequal size of whips of different varieties if they are budded dur- 
ing the first growing season. That is, the growth secured in 1931 
should be more nearly a true response of stock influence than that 
secured in previous years. It appears that the data of this season 
do indicate a correlation between the growth of two early maturing 
varieties and the seasonal growth period of the stocks used. 

The growth of the late maturing varieties York and Winesap on 
stocks having different seasonal growth habits follows : Tetofsky, 
130.9; Livland. 110.4; Whitney, 117.1 : Wealthy, 120.7; Spy, 104.2; 
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and York, 121.7. These data indicate no clear preference of these 
late maturing varieties for the early or late stocks used. The large 
growth on the early stock, Tetofsky, does however, deserve fur- 
ther comment. Histological studies have shown varieties as York 
to be limited in growth by a slow or seasonally tardy accumulation 
of carbohydrates when growing vigorously as in the nursery. Thus 
growth would be increased under conditions favoring starch forma- 
tion. It has been observed that the greater growth of York on the 
dwarfing stock Mailing IX (2) as compared to a somewhat smaller 
growth on the vigorous stock Mailing XII is correlated with starch 
condition. On the other hand, the dwarfing effect of IX upon 
Whitney is associated with very early accumulation of reserve 
starch. (Shading of this stock and scion combination increases the 
shoot growth.) It is also commonly noted that late varieties as 
Winesap and York grow well upon such stocks as Virginia Crab, a 
vigorous but earh^ maturing sort. 

The decided tendency for a variety to grow best when grafted on 
its own seedlings may be due to the seasonal growth habits being 
combined in such a graft. 

What results will follow from future experiments on the in- 
fluence of seasonal growth period of stock and scion upon the 
growth of grafts will not be prophesied. It is believed, however, 
that this factor has a large influence upon compatibility. In at- 
tempting to discover a ‘‘good” stock for orchard trees, however, too 
direct an application of nursery growth responses might lead to 
erroneous conclusions. 

It has been consistently reported by English workers that little 
to no scion influence could be noted upon the type of root growth 
made by the Mailing stocks when grafted to common English varie- 
ties. It may have been inferred by some readers that this was evi- 
dence of lack of scion influence. The question remained, however, 
of what the original rooting habits were of these varieties or of 
what effect they might have upon seedling root grafts. Scions of 
the following varieties were secured from the Long Ashton Experi- 
ment Station and root grafted in IMarch, 1931, using a three-bud 
scion and approximately a five-inch root : Bramley, Beauty of Bath, 
Cox Orange, Grenadier, Grieve, Lane's Prince Albert, fewton 
Wonder, Tyler's Kernel, and Worcester Pearmain. Upon digging' 
these grafts in November it was fotlnd that ail but Tyler's Kernel 
had almost exactly the same type of root, having many, horizontally- 
growing roots along the stock with a tendency to cluster near the 
soil surface. Tyler's Kernel produced the same type of root except 
for a more even distribution along the stock. The amount of root 
in relation to the size of the whips was very different being great- 
est under Lane's and Grieve, and least for Cox, Beauty, and Bram- 
leys with the other varieties having an intermediate amount of 
coarseness. In the same planting the root types of the following 
varieties were very different one from the other and also Irptn the 
English kinds: Yellow Siberian, Fameuse, Starking, York, and 
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Whitney. From this first trial it would appear that the English 
varieties used, do show scion influence when grafted upon straight 
seedling roots but that those used produced such similar roots that 
scion influence would hardly be detected by a comparison between 
these varieties unless the amount of roots produced was especially 
noted. 

\^'"hen buds were set upon yearling grafts the resulting growth 
was more uniform than with buds upon seedlings, the coefficients 
of variation this season being 13.4 and 22.3. This is an interesting 
result in view of buds on seedlings being regularly more uniform 
than the growth of bench grafts. Heavy cutting back after budding 
gave more uniformity than occurred in the original grafts. The 
growth of the buds on the grafts was more uniform than on seed- 
lings because of the influence of the intermediate scion (a cion). 

A repeated result is for root-grafted trees to have a uniform 
root type within a variety and for stem-grafted trees to have variable 
types of roots presumably much like the ungrafted seedlings. (The 
amount of rooting is influenced by the scion variety on both high 
[stem] grafted and budded trees.) That is, the stem portion of the 
stock appears to “regulate'* scion influence. When roots are 
exposed to sunlight they take on somewhat the external appear- 
ance of stems. Would such a root fail to show scion influence? 
Some scions were set on roots 8 or 9 inches long. These, were 
planted with the union above the soil. From a limited number of 
grafts which survived a difficult growing season this year, it appears 
that these grafts do not show the degree of scion influence which 
results from normal planting of the union below the surface of the 
soil. If further trials verify this observation the source of stock 
influence and absence of scion influence on stem grafts may be 
later uncovered, probably in the phloem region. 
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Influence of Size of Mahaleb Seedlings on Nursery Grades 

By C. L. Burkholder and Laurenz Greene, Purdue University, 

Lafayette, Ind. 

JN the 1929 report of this Society data secured from an unusually 
fine block of seedlings and resulting nursery stock, were pre- 
sented. In 1930 similar data secured from a very poor block of 
seedlings and one-year trees were presented. 


TABLE I — Influence of Size of Mahaleb Seedlings on Nursery Grades 


Seedling 

Classes 

Ave. Diana. 
Seedlings 
(inches) 

Seedlings Laarger 
or Smaller than 
8/16 in. 

(Per cent) 

Per cent Making 
l-Year Trees 
11/16 in. 
or Larger 

Correlation 
Between Size of 
Seedlings and 
Size of l-yr. tree 

1928-29 

0.52 




Below 8/16 in. 

32 

20 

.685±.0158 

Above 8/16 in. 

— 

68 

82 


1929-30 

Below 8/16 in. 


83 

6 

.654=i=.0098 

Above 8/16 in. 

USUI 

17 

40 


19.^0-.^1 

0.57 




Irrigated 

Below 8/16 in. 

15 

6 

.661=b.021 

Above 8/16 in. 

— 

85 

77 


1930-31 

0.49 




Not irrigated . . 
Below 8/16 in. 

41 

11 

.7209^.0146 

Above 8/16 in. 

— 

59 

68 



In the very dry season of 1930 two short rows of seedlings were 
irrigated with suitable check rows on either side. The number of 
trees in this test was smaller than in previous years. Irrigation in 
1930 increased the average diameter of seedlings from 0.49 inch to 
0.57 inch. This 0.08-inch increase in size of seedlings, due to irri- 
gation, resulted in 47 per cent more No. 1 trees. This result con- 
firms the suggestion that the size of 1-year cherry trees may de- 
pend quite as much upon the growing conditions during the seed- 
ling stage as upon the growing conditions during the year the bud 
is growing. 

Of 200 non-irrigated seedlings, less than 8/16-inch in diameter 
in 1930 when budded, only per cent made trees' 11/16-inch in 
diameter or larger in 1931. Of 292 non-irrigated seedlings 8/16“ 
inch or larger in 1930, 68 per cent produced nursery trees 11/16- 
inch or larger in 1931. 

Of 49 irrigated seedlings less than 8/16-inch in di^meteri in the 
fall of 1930, only six per cent produced trees 11/ 16-inch or larger in 
1931. Of 266 irrigated seedlings 8/16-inch or larger in 1930, 77 per 
cent produced trees 11/16-inch or larger in 1931. 
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Sixty -six per cent of 315 seedlings irrigated in 1930 produced 
trees which were 11/16-inch or better in the fall of 1931. Only 
45 per cent of 492 non-irrigated seedlings produced 1-year trees 
11/16-inch or better in 1931. 

Tukey and Erase (1) report a similar correlation for Ma 2 zard 
seedlings and 1-year trees of 0.612 ± .025. 
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A Comparison of the Variability in Growth of Several 
Varieties of Apple Trees Growing on Seedling Roots 
and Upon Their Own Roots 

By F. S. Lagasse,, University of Delaivare, Newark, Del, 

'J’HE author is unaware of any published information comparing* 
the variability in growth of apple trees on their own roots and that 
of the same variety on seedling roots. Studies (1, 8, 9, 10) have been 
reported, wherein, data has been presented using trees on clone roots 
for comparison with trees on seedling roots with respect to variability 
in growth. Briefly, the results obtained were: Roberts (9), compar- 
ing the variation in growth of yearling trees on seedling and clone 
stocks found '‘’’the trees on seedlings more variable in growth than 
those on layers” but he attributed most of this difference to other 
causes. 

Anthony and Yerkes (1) comparing the growth made by 1-year 
Stayman trees on seedling roots with that of Stayman trees on clone 
roots state, “the more uniform sizing of the trees on commercial 
seedling roots has continued to maintain a higher degree of uniform- 
ity through 2 years in the orchard.” From additional studies, however, 
they conclude that “the use of clone roots in at least four out of five 
cases has resulted in greater uniformity in the nursery experiments 
reported. Roberts (10) states that “grafting upon rooted layers does 
not insure uniform trees.” He also states that, “it even appears 
probable that the commonly reported uniformity of nursery trees on 
clonal stocks is the result of the method of grafting rather than being 
due to the stock used.” 

Hatton (8) reports an instance where 14-year-old Early Victoria 
apple trees on seedling stocks are compared in% variability of growth 
and yield with a series on vegetatively raised stocks, although the vege- 
tative stocks were possibly mixed Paradise. He found that “the coeffi- 
cient of variability for cropping was 57.1 for the trees on Crab and 36.5 
for those on Paradise ; for girth of stem, the figures are even more 
striking, 27.4as against 1 2.9. ”Asl -year-olds ,all trees had been carefully 
graded for size. He further states that “there is not a single instance 
where the sets of trees on seedling Crab are more uniform, and a 
number in which they have proved definitely more variable.” 

Material 

The scion-rooted trees used in this study were produced by the 
long scion-nurse root method as described in detail by Auchter (1). 
The grafts were planted in the nursery row in the spring of 1927 and 
dug in the spring of 1929. The trees were graded, according to the 
quantity of scion roots formed so that within each variety were groups 
with many, medium and few scion roots. In all of the scion tooted 
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trees selected for replanting the seedling or nurse root was removed 
above the graft union. They were then weighed and calipered. A 
similar number of 2-year trees of good grade and of the same 
varieties but on seedling roots were purchased from nurserymen. A 
medium-sized grade of Rome Beauty was necessarily used. The 
orchard at planting time comprised : 

Two rows of Yellow Transparent: 40 scion rooted and 40 on seed- 
ling roots. 

Two rows of Stayman Winesap: 40 scion rooted and 40 on seedling 
roots. 

Two rows of Delicious : 40 scion rooted and 40 on seedling roots. 

Four rows of Grimes Golden : 80 scion rooted and 80 on seedling 
roots. 

Six rows of Rome Beauty : 120 scion rooted and 120 on seedling 
roots. 

Soon after planting, one-third of the previous season’s terminal 
growth of each tree was removed. This is the only pruning given 
the tree since planting. The weight of prunings was deducted from 
the original weight of each tree at time of planting. 

During the past three seasons, the trees have been well cared for, 
receiving cultivation and cover crops of soybeans, and in 1931 appli- 
cations of N, P and K using pound of NaNOs around each tree in 
early spring and 50 lbs. each of elemental P and K per acre at time of 
drilling in the soybeans in June. 

As the points of particular interest are the variability and growth 
of the two types of material, the coefficient of variability and the 
average mean will be used as units of measure, although the stand- 
ards of deviation are presented. 

At the start of the experiment, it was erident from the coefficients 
of variability presented in Table I that, excepting Yellow Transpar- 
ent the trees on seedling roots were much less variable in weight 
than those on their own roots. The trees of each variety on seedling 
roots, except Rome Beauty, had a mean weight greater than that of the 
trees on their own roots. 

The coefficients of variability (Table II) show that the trees on 
seedling roots were much less variable in height than the scion-rooted 
trees, although the differences in Yellow Transparent and Grimes 
Golden were insignificant. All varieties on seedling roots, excepting 
Rome Beauty, were taller than the scion rooted trees, although Stay- 
man Winesap was not significantly so. 

In circumference the coefficients of variability (Table II) show 
that the seedling rooted trees were much less variable than the scion- 
rooted trees at the start of the study, although Yellow Transparent 
was not sigtiificantly so. 

: At time of Ranting, excepting Rome Beauty, the trees on seedling 
roots had a larger average mean ciraimference than the scion-rooted 
trees. 
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TABLE I — The Mean, Standard Deviation and Coefficient of Variability 
OF Trees. Spring 1929 


Weight of Trees (Grams) 


Varieties 

Type of 
Roots 

No. 

Trees 

Mean 

1929 

S.D. 

1929 

C. V. 

1929 

Yellow Transparent 

Scion 

40 


36.16± 

23.03± 




3.86 

2.73 

1.74 


Seedling 



79.67± 

29.29± 




8.50 

6.01 

2.21 

Difference and probable er- 




43.51 ± 


ror of difference 



9.34 

6.53 

2,8 

Stavman Winesap 

Scion 


204.24db 

68.15± 

33.37± 




7.27 

5.14 

2.52 


Seedling 

40 

256.48i 

33.37± 

13,01 =i= 





2.52 

.98 

Difference and probable er- 



52.24=t: 

34.78± 

20.36 ± 

ror of difference 



8.10 

5.73 

2.7 

Delicious 

Scion 

40 

165.92ri: 

72.59± 

43.75=1= 




7.74 

5.47 

3.30 


Seedling 

40 

276.72± 

38.24± 

13.82=fc 


1 


4.0S 

2.88 

1.04 

Difference and probable er- 



110.80 d= 

34.35± 

29.93=b 

ror of difference 



8.75 

6.18 

3.36 

Grimes Golden 

Scion 

80 

172.10=h 

78.34db 

45.62ri= 




6.91 

4.18 

2.43 


Seedling 

80 

349.10 ± 

96.62 ± 

27.61 db 




7.29 

5.15 

1.47 

Difference and probable er- 



177.00± 

18.28± 

17.91=1= 

ror of difference 



9.39 

6.63 

2.83 

Rome Beauty 

Scion 

116 

244.80 =b 

103,3± 

42.20=1= 




6.48 

4.57 

1.87 


Seedling 

120 

187.16 =b 

32.71 ± 

17.48 =h 




2.01 

1.42 

.76 

Difference and probable er- 



57.64 =fc 

70.59± 

24.72d= 

ror of difference 



6.79 

4.79 

2.02 


1 Difference is not significant. 


To summarize briefly: at the start of the experiment in the spring 
of 1929, the coefficients of \^riability with respect to the weight, 
height, and circumference of the trees are much greater in the scion- 
rooted trees. This is undoubtedly due to the fact that the scion-rooted 
trees were selected from a smaller population than the seedling-rooted 
trees and included good, medium, and poorly rooted trees. The seed- 
ling-rooted Yellow Transparents are an exception to the above, as 
noted from the differences and their respective probable errors. All 
varieties on seedling roots had greater weight, height, and circum- 
ference with the exception of height in Rome Beauty, and Stayman 
Winesap. In brief, the trees on seedling roots had an advantage over 
the scion-rooted trees at the start of this study with respect: to uni- 
formity and size. 
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Gardner and Yerkes (7) in a study on the relation of size of apple 
seedlings to growth of scion variety found that ‘^the size of stock, 
whether the result of inherent vigor or environmental conditions, 
deserves more serious consideration.” 

After three seasons' growth (Table II) the Yellow Transparent 
is the only variety on scion roots that has a significantly greater co- 
efficient of variability in height on scion roots than on seedling roots. 



Fig. 1. Average mean circumference growth in centimeters. 


The probable error of the difference in the other varieties indicates 
that none are significant. In all other varieties the coefficient of 
variability has decreased on scion roots while it has increased on seed- 
ling roots with the exception of Yellow Transparent and Grimes 
Golden. In general, the scion-rooted trees now nearly equal the seed- 
ling-rooted trees in uniformity of height. 

Table II shows that the mean height of the trees on seedling roots 
was greater in the spring of 1929 in all varieties except Rome Beaut}^ 
although not significantly greater in Stayman Winesap. In 1931 
(Table II), the trees on seedling roots Have a significantly greater 
mean height only in Yellow Transparent, for the sdon-rooted trees 
of the other varieties have gained sufficiently to now equal or nearly 
equal in height similar varieties on seedling roots. 

By the fall of 1931 (Table II) the difference in circumferential 
variability between the two groups had been much reduced, due 
largely to ffie increasing variability in the trees on seedling roots. It 
will be noted (Fig. 2) that most of the increase in variability in cir- 
cumference in the sdoft-robted tre^: occurred during the 1931 season, 
while it has been continuous in the trees on seedling roots. Due to 
lack of space the data is not presented, but it was found that the in- 
creases in circumferential variability between the spring of 1929 and 
the fall of 1931 were significant in all varieties on ex- 
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cept Grimes Golden. None was significant on scion roots except in 
Yellow Transparent. 

In brief, the circumferential variabilib^ of the trees on scion roots 
has not increased significantly, whereas, that of the trees on seedling 
roots has increased greatly and significantly. 

Data unpublished because of lack of space show that the trees on 
scion roots have decreased significantly in four of the five varieties 



Fig. 2. Average coefficients of variability of circumference measurements. 


with respect to variability in height during the 3-year period. The 
trees on seedling roots decreased significantly in but one variety and 
increased significantly in one. Two of the other varieties increased 
and one decreased but not significantly. 

Beaumont (4) found in a study on the vigor of apple seedlings 
over a 6-year period that there was a general tendency for the trees to 
become slightly more uniform in trunk diameter with increasing age, 
although there were significant differences in both directions. He 
found the coefficient of variability to decrease more consistently and 
significantly with respect to height than with diameter. 

The next question is whether the decrease in variability in the scion- 
rooted trees is associated with good or with poor growth. 

When one considers the lack of uniformity in weight, height, and 
circumference of the scion-rooted trees at the start of the study as 
compared to the uniformly calipered and graded trees on seedling 
roots, it seems almost unbelievable that 3 years could be productive of 
the changes that have occurred. The removal of the seedling roots 
from the scion-rooted trees would be, one would think, an operation 
sufficient to disrupt the metabolism of the tree for some time, but as 
is evident from the data (Fig. 1), the scion roots quickly adjusted 
themselves to their task, with the result that their average percentage^ 

^Although it is not customary to average averages, it is herein referred to 
several ti;^$ for brevity when an analysis of the individuals making up the 
average shows that the majority have the same trend. 
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increase in circumferential growth by the fall of 1929 was slightly 
greater (Fig. 3) than that of the trees on seedling roots. It was 
greater also at the end of the 1930 and 1931 seasons. 



Fig. 3. Percentage yearly increase in circumference based on original 
circumference of the trees. 


It will be recalled that in the spring of 1929 the trees on seedling 
roots had a significantly larger mean circumference than those on 
scion roots, except Rome Beauty, in which instance the reverse held 
true. By the fall of 1931, Stayman Winesap, Delicious, and Grimes 
Golden were still significantly larger in circumference on seedling 
roots than on scion roots. The scion-rooted Yellow Transparent had 
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gained on the seedling-rooted Yellow Transparent sufficiently to make 
the difference between them insignificant and the seedling-rooted 
Rome Beauty had gained on those on scion roots to a similar extent. 

The mean circumferential growth of both groups of trees has been 
excellent (Fig. 1). The scion rooted trees have done much better 
than was expected having on a percentage basis increased 175.9 per 
cent and those on seedling roots 154.86 per cent. In actual circum- 
ferential increase, the seedling-rooted trees which were significantly 
larger at time of planting, except Rome Beauty, have averaged 
6.33 =t ,189 cm. to the scion-rooted trees, 5.9 ± .216 cm. growth, a 
gain of .43 ±: .286 cm. which is insignificant. The seedling rooted trees 
are significantly larger in three instances and insignificantly in an- 
other. The scion-rooted trees are insignificantly larger in one instance. 

In percentages, based on the original average circumference of the 
trees, the scion-rooted trees have excelled in Yellow Transparent, 
Delicious and Grimes Golden. 

It is thus apparent that the wscion-rooted trees have grown very well 
in comparison with the trees on seedling roots and that their tendency 
to remain rather constant with respect to their original variability 
has not been at the expense of growth. 

Bailey (3), i-eporting on the trunk diameter of trees in the Root 
and Scion Orchard at Massachusetts, states, '‘the first thing notice- 
able in this figure (referring to his Fig, 1) is the larger growth of 
the own-rooted trees of the more vigorous varieties. . . A.11 of 

the other trees were on vegetatively propagated roots and therefore 
no similar varieties on seedling roots are presented for comparison. 
The results, however, showed that own-rooted trees grew well. 

Cullinan (5) states, "Comparison of the growth of Grimes on its 
own roots with that on Virginia Crab stock suggests that the Vir- 
ginia Crab stock has invigorated the scion variety.'' 

Vyvyan (11) has made very excellent detailed comparisons of the 
growth made liy apple trees on clone and seedling roots but as the 
data for the individual trees of each type is not presented a com- 
parison of their variability cannot be made. 

Esbjerg (6) 4930, of Denmark has found varieties on their own 
roots to grow and yield well and to be preferred by growers in cer- 
tain districts to the grafted or budded nursery trees. He presents 
data on yields of scion- and seedling-rooted trees but none on their 
comparative variability with respect to growth. 

Although we must still look to the future for a definite answer to 
our question of whether a group of a given variety of scion-rooted 
trees will develop into a less variable group at mafitrify, than seedling- 
rooted trees of that variety under the same environmental conditions, 
the results obtained after three growing seasons in the orchard in 
question, speak most favorably of the scion-rooted trees. This is 
especially true with respect to the slight change occurring in their 
circumferential variability from 1929 to 1931 as compared to similar 
varieties on seedling roots. It is felt that if a larger number of scion- 
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rooted trees had been available at time of transplanting* to the or- 
chard, the original variability of this group of trees could have been 
greatly reduced, thus making the two groups more comparable at the 
start. 

The growth of the scion-rooted trees has been most excellent con- 
sidering the injury incurred at time of removal of the seedling root, 
and as viewed in the orchard at this time’ they are indistinguishable 
from the trees on seedling roots. 
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A Study of Growth of Pear Inarches^ 

By L. D. Davis and W. P. Tufts, University of California, 
Davis, Calif. 

JQURING the spring of 1929, California pear growers planted ap- 
proximately 300,000 French pear seedlings, P. conummis, adja- 
cent to the trunks of pear trees on Japanese rootstocks (P. serotim ) . 
These seedlings were to be inarched into the mature trees, thus giv- 
ing the trees a different root system. This was following’ the ob- 
servations of Heppner (2) that the black-end condition was asso- 
ciated with the Japanese rootstock. At that time no experience 
had been had with inarching of deciduous fruit trees when the work 
was done?' on a large scale. 


TABLE I — Relation of Time of Inarching to the Total Increment of 
Growth Made at the End of the Third Growing Season 


Time of Inarching 

Increment of Growth 
(mm.) 

Mav 

5,8±.343 

June 

5.2=b.424 

July 

4.6=fc.573 

August 

5.5d=.600 

September 

5.7=h.526 


Diameter measurements of about 700 inarches were made to 
secure some information upon the increments of growth. The 
measurements were made in three different orchards. The owner 
of orchard No. 1 used seedlings that were too small for budding, 
(average diameter of 6.2 mm.). The inarches in orchard No. 2 
were supplied by the University Farm and had an average diam- 
eter of 10.3 mm. Orchard No. 3 was inarched with budded trees 
of the Old Home variety (P. communis) on French seedlings. These 
trees had an average diameter of 8.9 mm. The distribution of sizes 
in all cases was approximately normal. The inarches in orchard 
No. 1 ranged from 3.5 mm. in diameter to 9.5 mm. The class of 
greatest frequency was 6.0 mm. Those in orc^iard No. 2 ranged 
from 5 to 19 mm. in diameter with the class of greatest frequency 
at 9.0 mm. The inarches in orchard No. 3 were from 4.0 to 12.0 mm. 
in diameter. The class of greatest frequency was at 9.0 mm. Each 
inarch was tagged and a spot of white paint placed on it just below 
the point of union (Plate I.). The measurements were made at this 
point each time with a pair of calipers. The first measurements 
were made in the spring of 1929 and subsequent measurements 
made at the end of each growing season. 

^The word “inarch'* is used as a noun by California Orchardi^ 
young trees wtii^ have been planted adjacent to more mature bnees ipr the pur- 
pose of making an approach graft wi& the older tree. In this japer 
young trees will be called *‘inareh^”. 
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In one group the inarching was done on the first of each month 
for five consecutive months beginning May 1. Thirty-three inarches 
on 11 trees were made each month. Table I gives, the\ data in rela- 
tion to the time of inarching. This experiment was performed in 
orchard No, 3. 


TABLE II— Relation of Method of Inarching to the Total Increment of 
Growth Made at the End of the Third Growing Season 
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Table III shows the coefficients of correlation when the increments 
of growth have been correlated with size at the time of the first 
measurement. 

The coefficients of correlation are in all cases small and cannot, 
in themselves, be considered significant. One interesting relation- 
ship is shown by this table. The only case where a positive correla- 
tion was found was in orchard No. 1. This was the orchard where 
the very small seedlings were used. The correlation is negative for 
orchards No. 2 and No. 3 where the inarches were much larger 
than in orchard No. 1. In all probability a large number of the 
seedlings in orchard No. 1 were too small for grafting. In this 
case a positive correlation would be expected as the larger seedlings 
were more nearly the best size for working. In a graft of the 
nature of an inarch the best results are perhaps secured when the 
greatest number of points of contact are made between the cam- 
biums of the two trees. Not only is it important to have seedlings 
large enough to graft, but it is also important that they be straight 
and pliable enough to be easily and snugly fitted and nailed into 
the incision on the mature tree. All, except a very few, of the inarches 
in orchards Nos. 2 and 3 were above 7.0 mm. in diameter, with the 
class of greatest frequency at 9.0 mm. At least half the inarches 
were larger than this, some much larger. The negative correlation 
found on these two ranches suggests that not only may an inarch 
be too small for the best results but also it may be too large for 
eavsy and efficient manipulation during the grafting process. Diffi- 
culty has always been experienced in finding sufficient space for the 
roots of the inarches around the base of the mature tree. Inarches 
with large root systems would suffer most in being crowded or in 
having their roots pruned more heavily at planting time. This is 
perhaps another factor associated with the negative correlation. 
There are no doubt many factors which are related to the growth 
of inarches and which may be as important as the two suggested. 

The low correlation between size and increment of growth is in 
agreement with the findings of Gardner and Yerkes (1) that size 
in apple seedlings was not an indication of inherent vigor. In the 
case of pear trees used for inarching it seems that original size 
as an indication of inherent vigor is of much less importance than 
when it functions as a factor in the efficiency of the grafting process. 

The orchard on ranch No. 3 had rows of Buerre Bose, Buerre 
Hardy, and Winter Nelis as pollenizers. However, these varieties 
had not been included in the original planting scheme of the or- 
chard but had been topworked a few years after the orchard had 
been set out. The trees in these rows then consisted of, the top of 
the particular winter variety, the Bartlett trunk and the Japanese 
rootstock. These trees had been inarched in the same manner as 
the Bartlett trees. Unfortunately no measurements were made of 
the inarches on these trees at the time the inarching was done. A 
striking difference in size between the inarches on these trees and 
those on the Bartlett was noticed at the end of the third season. 
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Measurements of about 200 inarches were made on each of these 
varieties to compare their size with that of the inarches on the 
Bartlett trees. Table IV presents the data. 


TABLE IV — The Effect of thf. Variety Top on the Size of Inarches at the 
End of the Third Season 


Variety | 

Size of Inarches 
(mm.) 

Bartlett 

14.6 db. 162 

Bose 

16.0±.231 

Hardy 

16.0±.224 

Winter Neiis 

16.8±.212 


The difference in size between young trees inarched on Bose and 
Bartlett was 1.4 ± .283 mm.; between Hardy and Bartlett, 1.4 ±: 
.258 mm. ; and between Winter Neiis and Bartlett, 2.2 ± .267 mm. 

If the assumption is made that the 200 inarches on the Bose, 
Hardy, and Winter Neiis trees were of the same average size as 
those on the Bartlett trees, then the variety top has had a signifi- 
cant effect on the increment of growth of the stem portion of the 
inarch. Tufts (3) has found a high correlation between trunk size 
and size of root system in young trees. It is very probable that 
the root system of the inarch is influenced very much like its stem. 

Summary 

The increment of growth made by j^r inarches does not seem 
to be influenced by the time when the inarching is done. Inarches 
which had the tops left on made a greater growth than inarches 
whose tops were cut off at the time of inarching. The difference; 
however, was not large by the end of the third growing season. 
There is no correlation between the initial size of an inarch and the 
increment of growth made eithefl during the first year, the first two 
years, or by the end of the third year. The data indicate that 
factors other than size are more important in the growth made by 
the inarches. The variety of the top seems to have a distinct effect 
upon the growth of the inarch, the varieties Bose, Hardy, and Win- 
ter Neiis, having larger inarches by the end of the third season 
than the Bartlett. 
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The Effect of Paraffining, Pruning, and Other Storage 
Treatments Upon the Growth of Roses and 
Cherry Trees 

By H. B. Tukey and Karl Erase, Experiment Station, Geneva, N, Y. 

Y HE work here reported was begun at the request of New York 
nurserymen who yearly experience heavy losses with nursery 
stock which must be replaced because of failure to start and to make 
satisfactory growth in the hands of the planter. The losses are par- 
ticularly heavy in the case of sweet cherry trees, though it is appre- 
ciable with roses and peaches, as well, whereas apple and pear trees 
suffer to a lesser degree. 

Attention is at once focused upon the method now in vogue of 
handling nursery stock, in which the plants are dug in the fall of 
the year and stored over winter in nursery cellars for spring de- 
livery. There is much variation in the types of cellars used, the 
humidity, the temperature, and the disposition of the plants in the 
cellar. Stock may be stood upright with the roots in moist sand 
(“trenched”), it may be stored horizontal in vertical bins with the 
roots in moist sand, or it may be piled horizontal with the roots 
exposed and covered lightly with moist excelsior and moss 
(“corded”). 

Because of the suggestions that at once come to mind as to places 
in these practices where something might occur that might be detri- 
mental to the plants, the following methods of treatment in storage 
were tried, all treatments being conducted in a modern concrete 
nursery cellar, adequately ventilated, and with relative humidity of 
93 to 95 during the winter season, and varying in temperature be- 
tween 33 and 45 degrees Fahrenheit, although in the vicinity of 40 
degrees most of the storage season. 

L Corded in bins. 

11. Corded in bins and tops pruned. 

III. Corded in bins and tops coated with melted paraffin, 

IV. Trenched in sand. 

V. Corded in bins and tops coateid with yellow crude scale wax. 

VI. Corded in bins and tops pruned and coated with melted 
paraffin. 

“Cording” consisted in laying the trees tightly together hori- 
zontally with their roots exposed knd covered with moist excelsior. 
“Pruning” consisted in cutting back the branches 1/3 to their 
length. “Trenching” consisted in setting the trees in damp sand 
to the depth they stood in the field. “Paraffining” and “waxing” 
consisted in dipping the tops in melted paraffin or wax maintained 
at a temperature of 175 degrees Fahrenheit. 

The stock used was 500, 2^y^rold sweet cherry trees of the Black 
Tartarian, Napoleon, Schmidt, and Yellow Spanish varieties, se- 
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It has been impossible to determine what was responsible for the 
difference in the performance of the stock received from the dif- 
ferent nursery companies, but general observation points to two 
possibilities, namely, cherry leaf spot (3), and exposure during 
digging (1, 2, 5). The main point of this discussion must not be 
lost sight of, however, namely, that none of the six storage treat- 
ments altered the results appreciably. 

Following this experience with nurser\" stock secured from com- 
mercial concerns, stock was grown under known conditions on the 
Station grounds and subjected to a second set of storage treatments 
during the winter of 1930-31. Both roses and sweet cherries were 
used. The cherry trees were all 2-year-old trees of the Lyons 
variety, 50 for each treatment, 25 on Mahaleb roots and 25 on 
Mazzard. The roses were hybrid teas budded on Rosa multiflora 
japonlca understocks, the varieties being Los Angeles, Luxemburg, 
and Ophelia. All plants were well grown, kept free from foliage 
troubles, dug when mature, and stored f)romptly after the follow- 
ing scheme. 

1. Corded in bins. 

11. Coi'ded in bins and tops pruned. 

III, Corded in bins and tops coated with melted paraffin. 

IV. Trenched in sand, 

V. Corded in bins and tops coated with yellow crude scale wax, 

VL Corded in bins, and tops pruned and coated with melted 
paraffin. 

VI I . Corden in bins, and tops coated with cold miscible paraffin 
(Micol 180). 

VIII. Corded in bins, and tops coated with cold miscible paraffin 
(Micol 2015). 

TX. Corded in bins, and tops and roots coated with melted 
pai'affin. 

X. Stacked in bins, with roots unprotected. 

XL Trenched in sand and tops coated with cold miscible 
paraffin (Micol 180). 

XIL Trenched in sand and tops coated with cold miscible paraf- 
fin (Micol 2015). 

The operations of cording, pruning, trenching, and paraffining 
were as outlined in the previous experiment. In the coating with 
cold miscible paraffin, two methods were used with equal success, 
namely painting with a brush and spraying with a portable power 
paint sprayer. The latter proved well adapted to coating plants 
with the cold emulsified paraffin, and was used in several commercial 
nursery cellars on several thousand plants, the advantage being that the 
plants could be corded horizontally in bins with tops outward, and 
then rapidly coated in place by the one operation of spraying. As 
will be brought out later, the mechanics of, operation are excellent 
and the material spreads well and gives a thin, inconspicuous, dur- 
able coating. The difficulty tq date, however, lies with the effect of 
these emulsions upon the plants. 



TABLE III— Thp Effect of Storage Treatments ufon Growth of Cherry Trees in 1931 
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The results with cherry trees, given in Table III, bring out many 
interesting facts, the more important being: (T) Stock on Mazzard 
roots was more easily injured by treatment in storage than stock 
on Mahaleb roots ; ( 2 ) cording in bins in the approved nursery man- 


TABLE IV — Effect of Storage Treatments Upon Growth of Rose PLxVNts 


Treatment 

Variety 

No. 

Plants 

Relative* 
Vigor of 
Plants 

No. 

Weak 

Plants 

No. 

Dead 

Plants 

I Corded in bins 

Ophelia 

10 

58 

0 

0 


Los Angeles 

10 

39 

4 

0 


Luxemburg 

10 

33 

0 

3 

II Corded in bins and 

Ophelia 

10 

47 

0 

1 

tops pruned 

Los Angeles 

10 

36 

3 

1 


Luxembtirg 

10 

49 

0 

1 

Ill Corded in bins and 

Ophelia 

10 

53 

0 

0 

tops coated with melt- 

Los Angeles 

10 

52 

0 

0 

ed paraffin 

Luxemburg 

10 

49 

1 

0 

IV Trenched in sand 

Ophelia 

10 

19 

7 

2 


Los Angeles 

10 

43 

2 

4 


Luxemburg 

10 

— 

- 

■“ 

V Corded in bins and 

Ophelia 

10 

57 

0 

0 

tops coated with yel- 

Los Angeles 

10 

48 , 

1 

0 

low crude scale wax. . . . 

Luxemburg 

10 

— 

- 

- 

VI Corded in bins and 

Ophelia 

10 

48 

1 

0 

tops pruned and coat- 

Los Angeles 

10 

43 

2 

0 

ed with melted paraffin 

Luxemburg 


42 

1 

1 

VI I Corded in bins and tops 

Ophelia 

10 

51 

0 

0 

coated with cold misci- 

Los Angeles 

10 

28 

7 

0 

ble paraffin (Micol 180) 

Luxemburg 

10 

49 

0 

0 

VIII Corded in bins, tops 

Ophelia 

10 

46 

0 

1 

coated with cold misci- 

Los Angeles 

10 

29 

5 

1 

ble paraffin (Micol 

Luxemburg 

10 

46 

1 

0 

2015) 






IX Corded in bins, tops 

Ophelia 

10 

47 

1 

0 

and roots coated with 

Los Angeles 

10 

50 

0 

0 

melted pataffin . 

Luxemburg 

10 



, . 

X Stacked in bins with 

Ophelia 

■":10 


0 


roots unprotected 


10 


4 

1 


Lux^EtiDurg 

10 


2 ,| 

1 

2 

XI Trenched in sand, tops 

Ophelia 

10 

42 


1 

coated with cold misci- 

Los Angela 

10 

44 


0 

ble paraffin (Micol 180) 

Luxemburg 

10 

34 


2 

XII Trenched in sand, tops 

Ophelia 

10 

43 

0 

2 

coated with cold misci- 

Los Angeles 

29 

29 

'5, . 

■■ ■ 1 . 

ble paraffin (Micol 

Luxemburg 

10 

29 


0 

2015).*.;.. 







*Compi4ted on a basis of 7-^ery vigoirpna 2^weafc 

6 — vigbroos 1 — very weak 

; 0 — dead 
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ner gave as good results as any treatment used ; (3) paraffining im- 
proved neither the growth nor the stand, but actually resulted in 
slightly poorer growth and poorer stand in some instances ; (4) 
trenched stock started growth early, with the consequent possi- 
bility of injury in handling; (5) stock sprayed with the two cold 
miscible paraffins was delayed two weeks in starting and the trees 
severely injured by one of the two; (6) carefully cording the stock 
in bins and keeping the roots covered with moistened kraut is very 
important when contrasted with careless cording and omitting the 
kraut coverage on roots ; (7) pruning prior to storage resulted in 
dying back of the tips in storage and decreased growth ; (8) paraf- 
fining both roots and tops resulted in slow starting in the field and 
poorer growth. 

The results with roses differ somewhat from those reported for 
cherries, as seen in Table IV. First of all different varieties of 
roses are affected differently by the same treatment. Ophelia, for 
example, was least affected by any of the treatments ; Los Angeles 
was next, and Luxemburg was most easily affected. 

There are many points of interest in the table, chief among which 
are the following: (T) Roses stood more exposure to drying out of 
the roots without injury than did cherry trees, Ophelia being 
scarcely affected, although Los Angeles and Luxemburg were injured 
to a much greater degree; (2) paraffining the tops gave the best 
growth and lowest mortality; f3) paraffining both the roots and 
the tops resulted in satisfactory growth, quite by contrast to the 
results with cherry trees ; (4) trenching’ in sand resulted in earlier 
starting and poorer growth in all cases; (5) pruning was not bene- 
ficial and slightly detrimental in some instances ; (6) the two cold 
emulsions of paraffin affected the Los Angeles variety most severely, 
Luxemburg next, and Ophelia least; and (7) one of the two cold 
emulsions of paraffin was more harmful than the other. 

Practical Conclusions 

The practical applications from these experiments are: The most 
important consideration in storage of nursery stock is the treatment 
prior to placing in storage, such as growing, spraying, exposure to 
sun and wind during digging, and freezing of roots. Cording care- 
fully in bins and covering the roots with moistened kraut according 
to the approved nursery procedure is satisfactory for cherry trees : 
and paraffining is of no added benefit. Roses, however, may be 
benefited by treatment of paraffining the top — some 

Paraffining the roots as well as the 
tops of cher^ trees whereas a similar treatment of 
roses results in little or no dying, although it is not a recommended 
practice. Cold emulsions sprayed on the tops with a power paint 
sprayer offer a rapid and convenient method of paraffining nursery 
stock already corded in bins, but no particular brand of emulsified 
paraffin should he used until its effect upon the plants has been 
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determined, since some may result in severe injury. Trenching in 
the nursery cellar is no improvement over cording in bins, in fact, 
it results in early starting and resulting injury to the stock in 
handling. 
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An Apparatus for Spraying Plants With Melted Paraffin 
or Other Waxes^ 

By T. J, Maney^ Iowa State College, Ames, lotva 

^HE sprayer described herewith is a device designed for use in 

the application of melted paraffin or other waxes of similar 
character to living plants. The use of paraffin as an adjunct in nut 
grafting was first brought to the attention of horticulUirists by 
Morris (1). Neilson (2) in subsequent studies with this material 
found that in addition to its uses in grafting it also could be 
utilized to prevent the development of molds on nursery stored 
roses and other shrubs, to repel borers, to reduce injury from 
summer sun scald and to prevent the desiccation of transplanted 
fruit and ornamental trees. 

Melted waxes are applied to plants either with a brush or by 
dipping them in the melted materials. Brushing is a slow pro- 
cedure and dipping has its limitations in that only the smaller sized 
plants may be so handled economically. In dipping there is also 
the possibility of injury to the plant tissue if the melted wax be- 
comes over heated. 

One of the most effective ways to apply melted wax to a plant is 
by means of a sprayer and therefore the following described de- 
vice was designed. 

The apparatus (Plate I) consists of a section of cast iron pipe 
(A) inches x 18 inches threaded and capped at both ends. The 
top cap is fitted with an inner-tube valve stem (C) and a brass air 
cock (D). The j4-inch pipe fitting (B) is tapped into the upper end 
of the main body. (E) is a 5-inch section ofi capped J^-inch pipe 
and serves as a handle only. A ^-inch globe valve (F) and a 
vermorel spray nozzle (G) are fitted to ^H-inch pipe and tapped 
into the base cap. 

The procedure in manipulating the sprayer is as follows : The 
wax is melted in a separate container and then poured through a 
funnel into (A) through pipe (B), which is fitted with an air tight 
cap. This fitting also serves as a handle. The air cock (D), which 
was open to permit air to escape, is now closed and air pressure up 
to 100 pounds is applied through valve (C) by means of an auto- 
tire pump. The wax in the main tube and in the nozzle connections 
is k^t ip a liquid condition by frequent application of the flame 
of a parts. The handle (E) should be 

wrapped with psbestbs pap^^ the burning of the hands while 

holdir^ the sprayer. ' 

Under a pressure of 75 to 100 pounds the liquified wax is emitted 
from the nozzle (G) in a cone-shaped mist-like spray. Since waxes 
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solidify very quickly, it is important to use a nozzle equipped 
with a disgorger. 

It is recognized that the apparatus described has many defects, 
but crude as it is, it is the only sprayer at the present time which 
will handle melted waxes with any degree of success. With a little 
practice it can be used quite effectively. When using the sprayer 
in a cool atmosphere, the paraffin mist has a tendency to congeal’ on 
the plant in a fine granular condition. This defect perhaps cannot 
be remedied. 

While the sprayer was designed chiefly for use in applying 
melted paraffin to common grafts and large trees, it was found to be 
most effective in applying a wax coating to evergreen grafts in 
connection with the grafting of blue spruce according to the method 
described by Stoutemyer (3). It is extremely difficult to brush 
or dip side grafts on potted evergreen stocks after the cions are 
set and tied, but with this apparatus melted wax may be thoroughly 
applied to all surfaces of the grafts and cions. 
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Some Comparisons of Methods of Grafting Evergreens' 

B}' V. T. Stoutemyer, lozva State College, Ames, Jozea. 

'J'HIS paper describes a variation of the open bench method or 
grafting ornamental evei*greens which should have value for com- 
mercial use and compares it with the ordinary closed case method. 

Some nurserymen have been successful with closed case grafting 
of evergreens, but others have obtained uncertain results. A few 
have resorted to approach grafting, especially with the varieties of the 
blue spruce. However, the most desirable cion wood is often located 
in the terminal growths in the top of the tree where it cannot be ap- 
proach grafted on potted stocks plunged in the soil. Approach graft- 
ing has the disadvantage of requiring a good supply of young trees 
with low branches and is not as well adapted to large scale ])roduc- 
tion as bench grafting of young potted stocks. 

During the first week of March, 1931, several hundred evergreen 
grafts were made, using blue spruce cions on Norway spruce stocks. 
Although the major part of the study was devoted to case grafting, 
the best results were secured from open bench grafting with the 
cions covered with paraffin. This method was suggested hy the fact 
th^t a few propagators have practiced evergreen grafting success- 
fully on open benches under closely controlled conditions of humidity. 
It was thought that possibly the uncertainty of both the open bench 
and closed case methods could be eliminated by using a protective 
covering for the entire cion. The well known success of Morris (1) 
and Neilson (2) with the use of paraffin in nut grafting suggested 
the trial of this material. 

Ordinary paraffin with a melting point of 130 degrees F. was used. 
The entire scion was first dipped in the melted paraffin at 165 degrees 
F. Paraffin at this temperature is not injurious to the needles if the 
cions are dipped and cooled quickly. In no instance was there any 
evidence of injury to either stock or cion. Lower temperatures may 
be used and give a thicker coating over the needles. After the cion 
was cut and tied to tlie stock, the union was brushed with paraffin. 
Brushing both cion and union after the tying of the graft was also used 
in place of clipping, but it is somewhat slow. A device originated l)y 
Maney (3), designed to apply melted paraffin as a spray, ma}' l)”e 
used for the rapid apj^lication of this material. 

Although these grafts were made during the first week of March, 
it is probable that an earlier date w^ould have been advisable. They 
were placed on an operi bench in a greenhouse which was kept at a 
night temperature of 55 degrees F. and no bottom heat was supplied. 
No attention other than an occasional watering was given. The raffia 
wrapping* which was used for these grafts was not cut, as an ac- 
cinnulation of moisture under the paraffin usually caused the raffia to 
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disintegrate l^efore much swelling took place. In some instances, 
however, there was noticeable constriction, indicating that it would 
be advisable to cut the raffia or to use a rubber hand wrap. 

These grafts on the open bench with paraffined cions and unions 
started to grow vigorously in a short time and formed strong unions. 
In a lot of fifty, 86 per cent grew. Two of the seven failures were 
due to death of the stocks. 


TABLE I — Plain and Paraffined Evergreen Grafts Compared Under 
Closed Case and Open Bench Conditions (Blue Spruce Cions on 
Norway Spruce Stocks) 


X uml-'ier 
in Lot 

Treatment 

Dead 

Stocks 

Dead 

Cions 

Percentage 

Successful 

Grafts 

.51) 

Paraffined grafts on open bench 

2 

5 

80 

50 

Standard closed case grafting method- 

4 

n 

70 

25 

Paraffined grafts in a closed caseL 2 . . J 

3 

9 

52 


’This lot was slow and irresular in starting. 

-Complete data for the grafts in closed cases are shown in Table II. 


A comparison of this method with the standard closed case graft- 
ing is shown in Table I. 

The method of grafting on the open bench with paraffined cions 
and unions had other advantages over the closed case method than 
giving more good unions. No additional equipment was necessary. 
A minimum of attention to temperature and humidity was required. 
There was an entire absence of fungous infections such as often 
api’iear in the closed cases because of the heat and high humidity. 
The death of the potted stocks was reduced to a minimum. This 
mc'thod of grafting is so much simpler than case grafting that it 
shonkl have commercial applications. 


TABLE II — The Influence of Waxing and Wrapping Treatments on 
Evergreen Grafts in a Closed Case (Blue Spruce Cions on Norway 
Spruce Stocks) 


X“ uml;>er 
in Lot 

Treatment 

Dead 

Stocks 

Dead 

Cions 

Percentage 

Successful 

Grafts 

50 

Raffia wrap 

4 

11 

70 

50 

Raffia wrap with graft union covered with 
paraffin . , . ........ 

26 

10 

28 

50 

Nurserymen’s adhesive tape wrap — ...... 

7 

8 

70 

50 

Nurserymen’s adhesive, tape wrap with 
graft union covered with paraffin 

10 

9 

62 

25 

Nurserymen’s adhesive tape wrap with en- 
tire cion and graft union covered with 
paraffin 

3 

9 

1 52 


To check on the report of a nurseryman who found that a covering of 
paraffin over the graft wrapping hindered the union of stock and cion 
in closed case grafting, the treatments shown in Table II were tried. 
These grafts were in a closed case where an inside temperature of 
about 60 degrees F. at night was maintained. 
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In the closed case, the grafts in which the cions were entirely cox- 
ered with paraffin were noticeably slow and irregular in starting, but 
finally 52 per cent grew. Though the results shown in Table II do 
not give a clear indication that covering of the union only with 
jiaraffin is detrimental in case of grafting, they show that it has no ad- 
vantages over the customary practice of using an uncovered wrap. 

The importance of well rooted stocks in evergreen grafting cannot 
be emphasized too strongly* The caliper of the trees for potting 
should be about hich. Young spruce trees of this size can be 
selected from two- or three-year old seedlings and occasionally from 
older lots. There is undoubtedly a distinct advantage in using freshly 
dug trees and potting them at once. It is important to encourage the 
development of new roots by careful watering after potting. 

In this experiment, only trees which had formed a mass of new^ 
roots in the pots were used. Even with this precaution, it is evident 
from Table II that frequently the graft failures were due to the 
death of the stocks. The smallest loss was in the grafts which were 
kept on the open bench. The first evidence of stock failure usually 
appeared after about three or four weeks. At this time it is cmstomary 
to start cutting back the tops of the stocks in order to cause a gradual 
diversion of the sap flow to the cions. 
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The Effect of Nitrate Applications on the Soluble 
Carbohydrates in Apples 
(Second Report) 

By E. F. Hopkins and E. W. Greve, Experiment Station, 
Wooster, Ohio 

•^HIS report continues one already made by Gourley and Hop- 
kins (1) on the effect of nitrogen fertilizers on the keeping* 
quality of apple fruits. It also continues their work (2) on the 
effect of nitrate applications on the soluble carbohydrates in apple 
fruits. They found with samples taken during the 1929 season that 
the application of nitrogen fertilizers had little effect on the soluble 
carbohydrate content of developing apple fruits. 



Fig. 1, Total sugar content (fresh weight) of fruits from mature 
Stayman trees in sod. 


During the 1930 season, samplef;were again taken from Stayman 
trees growing under cultivation and in sod. The rate of applica- 
tion of nitrate of soda varied as indicated in Tables I, II, and III. 
The normal application consisted of % pound of nitrate of soda for 
each year of the apple tree's age. Two, three, four, and five times 
this amount was applied in some cases. Superphosphate when used 
was applied at the rate of 1^ pounds and muriate of potash at the 
rate of % pound per tree. 

In the sod orchard the unfertilized trees showed the characteristic 
symptoms of nitrogen deficiency,. The records show that the yield 
of these trees has been low. 
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TABLE 1 “-vSugar Contknt of Stayman Fruits During Growing and Storage Sicason of 
(Stated as Per cent on Fresh Weight Basis) 

(Stayman Block) 
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TABLE II — Sugar Content of Stayman Fruits During Growing and Storage Season of 1930. 
(Stated as Per cent on Fresh Weight Basis) 

(East Orchard) 
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Nightingale, Addonis, and Blake (4) found peach fruits from a 
high-carbohydrate tree much higher in reducing sugars and par- 
ticularly in sucrose than those from a high-nitrogen tree. Gourley 
and Hopkins (3) working with the same trees used in the present 
study found that the application of nitrate of soda resulted in an 



increase in the percentage of total nitrogen in the fruit as well 
as an increase in the total amount of nitrogen per fruit. From this 
it might be expected that the trees receiving nitrate of soda would 
be lower in soluble carbohydrates than those which were unfer- 
tilized. 

However, in examining the data for the Stayman Block, the or- 
chard grown in sod, it will be noted that the percentage of reducing 
sugars was highest in Row A in every instance except one, that of 
December 20 \rhen the results with Tree E3 were somewhat higher 
(Table I.) The results for the unfertilized trees, Row H, show that 
the percentage of reducing sugars was lower than that for Row A 
which received a normal application of nitrate of soda. The per- 
centage of reducing sugars for the unfertilized trees was found to 
not vary much from the trees receiving excessive amounts of 
nitrate of soda. The values for sucrose fluctuated considerably. 
The fruits from Row A were found to be higher in total sugars until 
October 25 when Tree E4 was slightly higher. Again on Novem- 
ber 15 and December 20, Row A was lower than either Tree E3 or 
Tree E5. As with reducing sugars the values for the unfertilized 
trees did not vary considerably from the trees receiving the ex- 
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cessive nitrate treatment. In general, fruit from trees receiving 
the normal amount of nitrate of soda was higher in reducing and 
total sugars than that from trees receiving excessive amounts. A 
possible explanation of the unfertilized row being low in these 
sugars is that due to the extremely unthrifty foliage the synthesis 
of carbohydrates was greatly reduced in comparison with the other 
rows where the foliage was much larger and greener. 


TABLE III — Sugar Content of Wealthy Fruits Just Prior to Picking 
Time, Aug. 4, 1930 (Stated as Per cent of Fresh Weight) 

(East Orchard) 


Sample 

(Row) 

Fertilizer Application * 

per Tree 

Reducing 

Sugars 

Sucrose 

Total 

Sugars 

2 

6 lbs. nitrate of soda 

8.570 

.859 

9.524 

4 

■ 2 lbs. nitrate of soda 

7.645 

.986 

S.740 

6 

2 lbs. N;lKlbs.P; T'glb.K 

8.140 

1.047 

9.303 

10 

21bs. N;l3<lbs.P ' 

8.520 

1.033 

9.66S 

14 

21bs. N; J^lb.K 

8.380 

.886 

9.365 

18 

None 

i 9.250 

.909 

10.260 


The decrease in percentage of all sugars in some instances dur- 
ing the latter part of August and the first part of September may 
have been due to the extreme drouth which prevailed in Ohio dur- 
ing 1930. 

In the East Orchard, the one grown under cultivation, the dif- 
ferences in the percentages of reducing sugars between the unfer- 
tilized and the fertilized trees was not great (Table II.) The values 
for sucrose fluctuated considerably. The percentage of total sugars 
was highest in the unfertilized row in but one instance, that of 
September 2. On all other dates rows treated with nitrate of soda 
were higher. 

On August 4, a sample of the Wealthy variety was taken. The 
results are of interest because the percentages of total sugars and 
reducing sugars were higher in the unfertilized row than in any of 
the fertilized rows (Table III.) The values for sucrose fluctuated. 
Hopkins and Gourley (3) working with the unfertilized row and 
one of the fertilized rows in 1929 likewise found the unfertilized 
row to be higher in reducing and total sugars, although this dif- 
ference was not large. The difference in percentage of sucrose 
was small. 

Conclusions 

From the data obtained during the 1930 season there seemed to be 
little if any correlation between the nitrate treatment and the per- 
centage of soluble sugars in the apple fruits. This seemed to be true 
for both the cultivated and sod orchards, although the variation in 
percentage of the soluble sugitrs was greatest in the sod orchards 
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Some Effects of Preservation by Freezing on Quality of 
Fruits and Vegetables 

By J. G. WooDRooF, Experim-ent Station, Experiment, Ga. 

Abstract 

This paper will appear in full as Georgia Experiment Station Bulletin No. 168. 

JJORTICULTURISTS and plant physiologists have been observ- 
ing the effects of preservation by freezing, as a commercial 
practice, on the quality of fruits and vegetables for more than 30 
years. Yet due to the fact that freezing kills tissue, causes cell 
leakage, and destroys turgidity, freezing has long been considered 
a practice to be avoided, so that it has been somewhat against a 
prejudice that the project has developed. At present there is some 
difficulty in explaining how freezing is so destructive under some 
conditions and has such marked preservative properties under 
others. 

Freezing as a method of preserving fruits and vegetables has 
been declared a success by workers in California, Georgia, Oregon, 
Michigan, Louisiana, Massachusetts, and Florida. The method is 
particularly adapted to highly-flavored, highly-colored, rather acid 
small fruits ; but with special precaution it may be used in pre- 
serving practically all fruits and most vegetables. 

Freezing causes death to the tissue of fleshy fruits and vege- 
tables, stimulates oxidation and desiccation, and does not prevent 
respiration processes that result in loss of fresh flavor, aroma, and 
color. 

Freezing and complete thawing produce some effects on fruit 
tissue that are similar to cooking, salting, sugaring, and drying, 
all of which processes cause a precipitation of cell contents and 
loss of juices from the tissue. 

To obtain best results, frozen fruits should be eaten before or 
immediately after thawing. Thawing should be at as low tem- 
perature as possible. 

Evidence indicates that each product has a rather definite opti- 
mum temperature at which it should be frozen and thawed. 

The work here reported on mycrb-physical changes in plant cells 
due to freezing may be summarized as follows: (1) After com- 
pletely defrosting, the tissues of peach, apple, pear, plum, avocado, 
strawberry, blackberry, raspberiy, tomato, celery, lettuce, rhubarb, 
watermelon, cantaloupes, and asparagus were flabby and lost from 
20 to 80 per cent of their weight by leakage in 24 hours. The rate 
of loss was rapid at first, gradually decreasing, and reached a 
minimum after the 24-hour period had expired. (2) The loss of 
plant juices is hot due to rupture of cell walls but to the irreversible 
precipitation of cell contents, liberating '^bound water*’ apd water 
which was previously withitt vacuoles, arid was not later reabsorbed. 
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(3) The flabbiness or loss of structure is due to breaking down of 
the contents of the cells which formerly gave support to their 
walls. (4) The quality of water lost through cell leakage caused 
by freezing is very similar to that lost through leakage caused by 
cooking, or by placing the’ tissue in a saturated sugar or salt solu- 
tion, when undergoing desiccation. (5) In freezing, cooking, brin- 
ing, sugaring, and drying the cell contents are irreversibly pre- 
cipitated and the water in the vacuoles set free. (6) Freezing at 
different temperatures produces slightly different effects on the cell 
contents but the differences are those of degree. 

The quantity of fluid lost by the cell through leakage to the- 
outside, loss of original turgidity, and degree of fragmentation of 
the precipitated protoplasm are in direct proportion. Using the 
loss of fluids as a quantitative measure of the destructive effects 
of the various treatments, one might list in order from least to 
most destructive, the following: alcohol, salt, quick freezing, 
sugaring, slow freezing, cooking, drying. 



A Survey of Residua from Phosphorus Applications on 

Orchard Soils 

By R. M. Smock and J. H. Gourley, Experiment Station, 
Wooster, Ohio 

JT is well established by soils workers that phosphorus applied to 

a soil in a more or less available form is quickly ‘"fixed/' In other 
words, it is rapidly reverted to unavilable forms, although certain 
chemical and biological processes will make a fraction of it available. 
The degree of fixation exerted by soils depends upon the soil reaction, 
the amounts of aluminum and iron oxides present, the amount of 
calcium and magnesium, and the content of colloidal material. 

As a consequence of this marked fixation factor there is little or no 
diffusion of phosphorus down through the soil. Bear and Salter (2) 
showed that even after 15 years of phosphorus fertilization, the 
residual effect was entirely confined to plow depth. 

During the summer of 1931 a survey was conducted which in- 
cluded 26 Ohio orchards, one object of which was to determine the 
available phosphorus content of these soils. Attention was given to 
the distribution of available phosphorus at 1- to 2-inch levels, par- 
ticularly where fertilizer experiments had been conducted by the Ohio 
Agricultural Experiment Station or where the previous fertilizer 
practices were known. This survey of phosphorus distribution in the 
soil profile was involved in a study of the part which this element 
may play in the metabolic processes in apple fruits. It also was de- 
signed to throw light upon the reasons for the frequent inability 
of orchardists to gain any direct benefit from phosphorus applications 
to fruit trees. The study also has emphasized the mechanical problem 
involved in supplying fruit trees with this element. 

Methods of Procedure 

Holes were dug from 1 to 2 feet inside the drip of the branches^ 
so that a profile was formed from which soil samples could be taken. 
Each inch-sample of soil was cut out separately from the profile to a 
depth of 4 inches and from 4 to 10 inches a 2-iiich sample was taken. 
Each of these soil "^slices" was well broken up and made uniform be- 
fore determinations were made. 

The La Motte-Truog test was utilized for determining the amounts 
of available phosphorus. Truog (5) describes the method as involv- 
ing extraction with .002 N sulphuric acid buffered to a pH of 3.0, 
although the La Motte adaptation of the test involves the use of a 
much more concentrated acid extracting medium. Following extrac- 
tion, the material is filtered, and to a measured amount of filtrate is 
added ammoniuni molybdatersulphuric acid sblutioii. Updii the sulf- 
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sequent addition o£ stannous chloride, a blue color develops, the in- 
tensity of which indicates the amount of available ])hosphorus per acre. 


TABLE I— Phosphorus Residuum in Certain Plots in Orchard J at 

Wooster 


Soil Depth 
(Inches) 

Pounds per Acre of Available Phosphorus’ 

Plot 17 

No Fertilizer 

Plot a 

P Plus K 

Plot 13 

N Plus K 

0-1 

47 

98 

48 

1-2 

40 

61 

40 

2-3 

30 

45 

29 

3-4 

27 

45 

25 

4-6 

23 

37 

23 

6-8 

IS 

25 

20 

8-10 

14 

IS 

16 


^Results express the mean of live samples from each plot. 


Presentation of Data 

Orchard J at Wooster — A rather extended study was made in an 
orchard used for fertilizer experiments at Wooster. This orchard' 
was planted in 1922 and the fertilizer treatments began in 1928. One- 
half of the orchard was cultivated for 1 year following the inaugura- 
tion of the fertilizer treatments, and then in 1929 the remainder was 
seeded down to a mixed alfalfa-dover sod. 

The various amounts of fertilizers used in 1931 were 2j4 pounds of 
nitrate of soda, 2j4 pounds of superphosphate, and lj4 pounds of 
muriate of potash per tree in plots where these nutrients were to be 
applied. Each year the amounts of nitrate of soda and superphosphate 
have been increased pound while the potash has been increased by 

pound per tree. 

The soil is a Wooster silt-loam. The average soil reaction in the 
check plots was approximately pH 4.7. Plots receiving nitrate of soda 
were slightly but consistently less acid. 

Table I reveals the marked fixation of phosphorus and its apparent 
inability to diffuse very far through the soil in sod orchards. The 
data indicate that there is some percolation to a depth of 6 inches ; 
this should be discounted somewhat since the single year of cultiva- 
tion following the inauguration of the fertilizer treatmetits undoubt- 
edly effected some mechanical distribution to that depth. The signifi- 
cance of the data lies in the indication of a striking fixation of the 
ph<i^horus in the surface layer. It also indicates that the most 

inch. 

W, C. YuJe Orchard at Mdnbury— Fig. 1 indicates the results ob- 
tained in the peach orchard of W, C Yule at Danbury where a fer- 
tilizer experiment was conducted by the Ohio Station from 1922 
through 1927. The application per tree per year during the experi- 
ment was, pounds muriate of potash, 3 pounds sulphate of am- 



POUiroS AVi-ILAULli PHOSPHORUS 



This orchard is in alfalfa with annual discing in the spring. The 
figure illustrates the mechanical distribution of available phosphorus 
in the layer affected by tillage. The discing operation has thrown up 
ridges in the tree row, and as a result (since some of the samples were 
taken in this ridged area), the fi^re may indicate a larger amount 
of phosphorus at a depth of 10 inches than might normally occur. 
However, it may be that due to the loose nature of the soil there is con- 
siderably less fixation and a greater possibility for penetration of 
applied phosphorus than in many soils. 

Pig. 1 also reveals a laige amount of naturally ;^a 

phosphorus. This is dud td thei limestone origin of the" 
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Such soils characteristically have a higher available phosphorus con- 
tent than do acid soils (4). In these soils an abundance of calcium is 
supplied for the formation of mono- and di-calcium-phosphates 
(available forms of phosphorus) ; and there is less fixation by iron 
and aluminum oxides than would occur in acid soils. 



Fig. Z Residual effect of phosphorus in a sod apple orchard, Lowell, Ohio. 
Solid bar = one sarnple from check plot. Open bar = mean of two samples from 
NPK plot. (See discussion for amounts). 


Phosphorus applied during the period 1912-1917. Note strong residual effect 
after an interim of 14 years. 


The data again demonstrate that there is a marked residual effect 
of phospbonis even after the treatments had been discontinued for 4 
years. '' 


M, H. Dyar Orchard h Lckvetl—BBllon and Lewis (1) conducted 
a fertilizer experiment in the M. H. Dyar orchard during the period 
1912-1917. T^is is a hill orchard in southeastern Ohio. The orchard 
in sod at the time of the experiment and has been so Gontinii- 
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The fertilizer treatment per tree of plot C (included in Fig. 2) was 
as follows : 10 pounds each of nitrate of soda and superphosphate and 
lYz pounds of muriate of potash. The treatment since the cessation 
of the experiment has been confined to applications of sulphate of 
ammonia. Ballou and Lewis (1) reported no direct benefit from 
phosphorus applications, but its use did result in a remarkable stimu- 
lation of the clovers in the sod. 

TABLE II — Phosphorus Residuum in J. F. McCosh Orchard at Vincent 


Pounds of Available Phosphorus per Acre^ 


Soil Depth 
(Inches) 

Hot 11 

No PertUizer 

Plot 15 
NPK 

Plot 14 

No Fertilizer 

i Plot 16 
NPK 

0-1 

20 

35 

25 

40 

1-2 

15 

15 

20 

20 

2-3 

10 

15 

15 

15 

3-4 

10 

15 

10 

15 

4-0 

10 

10 

10 

10 

0-8 

10 

10 

10 

10 

8-10 

8 

10 

8 

8 


^Results express the data of but one sample from each plot. 


Fig. 2 indicates a most remarkable persistence of phosphorus in 
this orchard. After an interim of 14 years since phosphorus treat- 
ment had been made, there is still a marked residue in the first inch 
of soil. The clayey nature of the soil and the fact that it is extremely 
acid (pH 4.3) would in large part account for the strong fixing 
power it exerted. In plot D, in which but 5 pounds of superphosphate 
were used, the residue is not very marked; but undoubtedly the 
heavy sod in this orchard has depleted the residue of the 5-pound 
applications annually throughout the period of 14 years. 

/. F. McCosh Orchard at Vincent — ^An experiment similar to that 
in the Dyar orchard was conducted by the Station (1) in the J. F. 
McCosh orchard (formerly owned by Mrs. L. E. Benedict). Half 
of this orchard was in cover crop-tillage culture and half in sod, but at 
present it is all in sod. Only the results obtained in the sod section 
appear in Table 11. The amounts of fertilizers used per tree in the 
different plots were, 5 pounds each of nitrate of soda, superphosphate, 
and muriate of potash. Since the termination of the experiment, 
nitrate of soda and sulfate of ammonia have been used a few times. 
Ballou and Lewis ( 1 ) reported no benefit from the phosphorus appli- 
cations except that they increased the yield somewhat on tlic cover 
crop-tillage section due to their stimulating effect on the growth of 
cover crops. 

The residuum from phosphorus applications is again apparent in 
Table 11. Where but 5 pounds of superphosphate per tree had been 
applied there is a substantial residue of phosphorus in the first inch 
of soil, even though it has been 14 years since any has been applied. 
This soil likewise is a yellow clay with a high degree of acidity (pH 
4.2) and evidently has exerted a striking amount of fixation on the 
phosphorus. 
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Lilleland (3) recognized this problem of phosphorus fixation by 
soils and devised an injection rod for applying dissolved fertilizer tc 
orchard soils under high pressure. Shade tree specialists have at- 
tacked the problem by applying fertilizers in holes about the trees. 
One such specialist even attempts to distribute the fertilizers me- 
chanically in the holes by the use of compressed air. The agronomists, 
who have long been aware of the difficulty, have attempted to develop 
more satisfactory carriers of available phosphorus. 

The property of phosphorus fixation exerted by soils as shown in 
this study, suggests a possible explanation for the frequent lack of 
noticeable benefit obtained from phosphorus applications to fruit trees 
and raises the question as to how to supply this element to them. 
This statement should not be interpreted as implying that phosphorus 
is necessarily a limiting factor in orchard production. 
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Sampling Orchard Soils for Nitrate Determinations^ 

By George A. Filin ger^ Ka^xsas ' Agricultural Experiment Static H j 
M anhattan, Kans. 

jQURING the last few years a great deal has been written concern- 
ing orchard soil management and the behavior of nitrates in the 
soil under various treatments. A study of these papers reveals con- 
siderable variation in the results obtained by the different investi- 
gators from similar soil treatments. One investigator (9), for ex- 
ample, finds more nitrates in cropped soils than under clean cultiva- 
tion while others (3,6,10) find more nitrates in clean cultivated 
soils. Some (11) find a depression of nitrate accumulation follow- 
ing the plowing under of a cover crop while others (3, 10) find a 
rapid increase in their accumulation. Some investigators find a de- 
crease in the amount of nitrates during the fall (11) while others 
report an increase (3, 10). 

There are a number of factors that may be responsible for the 
conflicting results obtained. First, the type of soil no doubt has an 
influence on the behavior of nitrates through the season. The type of 
soil influences the water content, the nature of the organic matter, and 
the organisms in the soil and thus affects the nitrate content. Second, 
the weather conditions influence the nitrate accumulation. Heavy rains 
carry the soluble nitrates to lower soil strata. Low temperatures 
retard whereas higher temperatures accelerate the nitrate formation. 
As the work was done in different parts of the country, different 
soil types and weather conditions no doubt will in part explain the 
conflicting results. 

Since these factors affect the accumulation of nitrates there is no 
doubt but that as a result of them soil nitrates fluctuate markedly in 
total amounts and in their distribution in the soil strata during the 
growing season. This suggests a third factor influencing results ob- 
tained by investigations, namely, the frequency of taking soil samples 
and the depth to which taken. A brief study of the literature shoWs 
that the number of samples taken during the season varied from one 
(8) to twenty-two (3). The time elapsing between samples varied 
from 1 week (3, 6, IQ) to sever^kl months. which the 

orchard soils were sampled varied from 6 inches to 3 feet. 

The Horticultural Department of the Kansas Agricultural Experi- 
ment Station has been carrying 6h orchard soil management experi- 
ments for a number of years. Fig. 1 illustrates the behavior of 
nitrates in the top 6 inehes of soil in the Station orchard during one 
season. The surface soil in this orchard is a silt loam and is upderlaid 
by a heavy gravelly clay. The plot from which the data here pre- 
sented were taken was clean cultivated but had 10-year^old apple trees 

“Conffibution Nq. 107 of the Department of Horticulture. 
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growing on it. Table I, on which the diagram is based, shows that the 
nitrates varied during the growing season from 40 to 197 parts per 
million. 


TABLE I — Nitrates in Soil on Various Dates 



1 

Parts per Million 

An. Parts per Million 

Date 

In First 6 Inches 

' In 3 Feet 

March 26 

67 

73 

April 9 

64 

50 

April 16 

46 

32 

April 23 

107 

56 

April 30 ! 

161 

97 

May 7 ! 

111 

83 

May 14 

102 

62 

May 21 

118 

84 

May 27 

101 

53 

June 4 

40 

42 

June 11 

93 

45 

June 18 

156 

74 

June 25 

164 

52 

July 9 

197 

76 

July 24 

125 

51 

August 7 

135 

55 

August 20 

101 

62 

Sept. 3 

129 

82 

Sept. 24 

111 

73 

Nov. 12 

166 

112 


It is evident in this case that if samples had been taken less often 
a very poor picture of the behavior of nitrates would have been ob- 
tained. The low points were usually preceded by rains and the nitrates 
leached to lower soil strata. This would lead one to believe that by 
taking samples to a greater depth, the amount of fluctuation would 
be reduced. The writer took samples to a depth of 3 feet and did 
find a narrower fluctuation. Table I shows that the average amount 
of nitrates for the top 3 feet ranges from 32 to 112 parts per million 
during the season. Fig. 2 is based on Table I and illustrates what 
could happen if soil samples were not taken at regular short intervals. 
One graph connects high points while the other connects low points 
during the same season. Should one by chance take samples only when 
the low points occur his results would indicate low nitrates for the 
season, or the converse. 

It seems to the writer that, due to the many factors influencing 
nitrates in the soil, an investigator must take soil samples at regular 
short intervals of not more than a week and to a depth of 2 to 3 feet 
to get a true picture of the behavior of the nitrates in an orchard soil. 
Orchard trees are deep ''feeders'’ and it is important to know what 
is happening in the soil to a considerable depth. 
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Carbohydrate and Nitrogen Relationships in Apple 
Shoots as Influenced by Soil Management 

By J. T. Sullivan and F. P.'Cullinan, Purdue University, 
Lafayette, lud. 

AS a part ot an orchard soil inanageinent experiment, chemical 
studies were made over a 3-year period, on the carbohydrate and 
nitrogen content of the terminal vshoots of Grimes apple trees, grown 
under tillage, alfalfa, and blue grass sod. The trees were 5 years 
old at the time the chemical studies were started and had been under 
the three systems of soil management for 3 years. 

Briefly, the soil treatment which these trees had received prior to 
this time was as follows : During the first 2 years after planting all 
trees received a uniform cultural treatment, consisting of cultivation 
with, cover crop and a spring application of }4 pound of sulphate 
of ammonia per tree. After disking in the spring of the third season, 
two plots were seeded to blue grass, two to alfalfa, and three were 
left in the original treatment of tillage with cover crop. There were 
20 trees in each plot. The trees in blue grass continued to receive an 
application of pound of ammonium sulphate for each year in age 
of the trees. The portions of the cultivated and alfalfa plots from 
which samples for chemical analyses were taken received no inorganic 
nitrogen fertilizer after the first 2 years. 

Materials and Methods 

The material collected for analysis consisted of 1-year shoots, to- 
gether with the amount of current season's grow^th produced at the 
time of sampling. Shoots were taken from 12 trees in each of the 
seven plots at five different periods of the year : { 1 ) At time of ter- 
minal bud swelling, (2) 4 to 5 weeks later or petal fall stage, (3) 
midsummer, (4) late summer, (5) after leaf fall or early winter. 
The current season’s growth w^as separated from the one-year wood, 
and a composite sample of 100 grams of fresh material of each of 
these fractions from each plot was cut into small pieces and put up 
in 95 per cent alcohol following: th^ usual technique for preparing 
and preserving the samples. The number of trees used for sampling 
has been found to be sufficient to give a representative sample (2). 

Determinations were made on dry weight, soluble and insoluble 
nitrogen, free . reducing substances, sucrose, starch, and hemicellu- 
lose. The data presented here are concerned only with total nitrogen, 
total sugars and starch. 

Results 

The terminal shoots of trees receiving tillage with edver crop show 
a greater content of total nitrogen (Table I) in per dent of dry 
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weight during the growing season than trees in sod or alfalfa. The 
sod trees run lowest in total nitrogen in spite of the fact that they are 
the only trees receiving inorganic nitrogen fertilizer. The differences 
in total nitrogen between the various plots are much greater during 
the active growing season than during the dormant season. The trees 
in blue grass sod plus nitrogen had been under this treatment for 
three seasons when the first samples were taken. Terminal growth 
was short and the foliage was light green in color. Three years later, 
the sod trees showed considerable recovery in length of terminal 
growth and genei“al vigor. This is reflected in the figures for total 
nitrogen in 1930. 

In starch, (Table II) the order is reversed from that of nitrogen. 
The sod trees show the highest starch content and those in cultivation 
the lowest. The alfalfa plots fluctuate somewhat. During the grow- 
ing seasons of 1928 and 1929 they are in some instances higher than 
sod, and in others, lower. As noted with nitrogen, the greatest dif- 
ferences in value for starch between various plots occur during the 
growing season. In the samples taken before terminal grow^th starts 
in the spring or after leaf fall, there are not such marked differences 
in values for starch between different plots. During the height of the 
growing season the terminal growth of trees in cultivation is in most 
instances considerably lower in starch than in trees in sod. 

In total sugars (Table III), there are not such marked differences 
between the different plot treatments. The terminal growth of culti- 
vated trees which was higher in nitrogen is also relatively high in total 
sugars. This is particularly true in the growing seasons of 1928 and 
1929. In the season of 1930, which was a season of low rainfall and 
high temperatures, there is less difference between the plot treat- 
ments. The total sugars in 1-year wood and current season’s growth 
show a rather general tendency over the three-year period of decreas- 
ing in value from early spring to late autumn, and then showing a 
marked increase in December. This is probably correlated with starch 
synthesis and hydrolysis. The starch values are high in autumn, 
showing a decrease in December. 

The growth of the trees as measured by the circumference increase 
in trunk, prior to and during the time of sampling, is correlated with 
the chemical data presented. Thus, trees in tillage with cover crop 
which are higher in total nitrogen have made the greatest annual 
gains in trunk growth (Table IV). The trees in the leguminous and 
non-leguminous sods slowed up in growth after the plots were seeded. 
The terminal growth of these trees was much lower in total nitrogen 
during the growing season and higher in starch. Apparently the 
grasses competed with the tree roots in the demand for nitrogen. In 
the first two years following the seeding to blue grass, the trees 
showed small terminal growth, and very light green foliage early in 
the season. There was abundant moisture in the two seasons and the 
differences could hardly be attril>uted to lack of moisture. Nitrate 
determinations showed nitrate to be low under grass in 1927 and 
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TABLB III — Total Sugars in Per cent of Dry Weight 
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1928. These 4-y ear-old trees had received 1 pound and Ivj ixxincls 
of ammonium sulphate, respectively, in the two seasons. The blue 
grass roots had undoii])tedly obtained a large share of the nitrogen. 


TABLE IV — Average Yearly Circumference Increase in Trunk Girth per 
Tree in Centimeters 


Treatment 

Plot 

No. 

Trees 

! 1926 

1927 

1928 

1929 

1930 

Av. 

Total 

Gain 

Cultivation. 

A 

16 

3.36 

3.71 

5.60 

6.32 

7.46 

26.45 

Cultivation 

B 

16 

3.40 

3.36 

5.15 

5.90 

7,50 

25.31 

Blue grass sod +nitrogen 

C 

16 

1.96 

2.04 

3.37 

3.60 

5.49 

16.46 

Alfalfa 

D 

18 

2.45 

3.85 

4.07 

4.92 

5.43 

20.72 

Cultivation 

E i 

20 1 

3.98 

3.65 

5.24 

6.09 

6.49 

25.45 

Alfalfa 

F 1 

20 1 

2.53 

3.61 

4.18 

4.83 

4.91 

20,06 

Blue grass sod -fnitrogen 

G 

16 

2.33 

1.58 

3.29 

3.71 

4.98 

15.89 


Results similar to these were obtained in a previous experiment { 1 ) 
where trees which had been growing satisfactorily under tillage 
without applications of nitrogen were suddenly checked in growth 
when seeded to blue grass without applications of nitrogenous fer- 
tilizer. During the seasons of 1929 and 1930, the trees in grass 
showed recovery and made terminal shoot growth equal in length to 
the cultivated trees. They showed a relatively high nitrogen content 
in the current season’s growth. However, in total size the trees in sod 
were much smaller. By this time the blue grass which had been cut 
and alloAved to fall back on the ground had formed a mulch of dry 
grass around the tree and thus smothered out the growth of grass 
near the trees. 

The growth of trees in alfalfa, while better than in sod, was not 
equal to that of trees in cultivation. The alfalfa was disked up each 
spring prior to 1930, but the amount of new growth produced l^y the 
plants each year did not form a good cover and reseeding was neces- 
sary to prevent bare patches in the plots. In the last two seasons, 
other grasses and weeds came in and the growth of the trees in 1930 
was no better than that of trees under blue grass plus nitrogen. It 
was apparent that the alfalfa alone did not supply sujBFicient nitrogen 
for maximum tree growth. In adjacent alfalfa plots which received 
the same amount of nitrogenous fertilizer as trees in blue grass, tree 
growth was greater. A good uniform growth of alfalfa was not 
obtained on these plots. Results might differ under a better alfalfa 
cover. 

At the end of the 8-year period no significant difference could be 
noted in the growth of trees in cultivation-cover-crop without nitro- 
gen, as compared with other trees receiving nitrogen fertilizer in 
plots A and B. However, in a portion of Plot E where the unfer- 
tilized area w^as decidedly lower in organic matter than the unfer- 
tilized area of plots A and B, applications of nitrogen fertilizer 
benefited leaf color and tree growth. 



SULLIVAN AND CULLINAN : COMPOSITION OF APPLE SHOOTS 525 

A comparison between growth, chemical composition, and fruit 
yield cannot be made since few trees produced fruit in any of the 
plots before 1930. In that year the amount of bloom was scattered 
with more trees in the cultivated and alfalfa plots blossoming and 
producing fruit. In 1931, about 93 per cent of the trees in cultiva- 
tion, 90 per cent of the trees in alfalfa, and 50 per cent of the trees 
in sod blossomed and produced fruit. 
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The Nitrogen Supply for Young Apple Trees Growing in 
Leguminous and Non-Leguminous Sod 

By A. J. Heinicke, Cornell University, Ithaca, N, Y. 

JF the lack of available nitrogen under grass is primarily re- 
sponsible for the relatively poor growth and productivity of 
apple trees grown in sod, it would be reasonable to expect that the 
use of a legume, such as alfalfa, would be less harmful than grass 
or weeds (1), It needs to be determined, however, to what extent ’ 
the nitrogen requirements of apple trees can be met by a legume 
which is not plowed under but which is handled as a more or less 
permanent sod. The experiment discussed in this paper has been 
planned in part to shed more light upon the questions involved. 

In the spring of 1928, a block of 3200 apple trees' was planted at 
the Cornell University Orchard, Ithaca, N. Y., on land previously 
used for a succcession of farm crops, A red clover sod was plowed 
under in the fall previous to planting. The trees were set at 10 ft. 
intervals in rows 10 ft. apart. In each of the 40 odd-numbered 
rows, five different varieties were planted in rotation so as to have 
each variety in several different parts of the row. In every even- 
numbered row a single variety was used throughout to serve as a 
buffer and to indicate soil variations occurring at 10 ft. intervals. 
The trees were pruned to a standard pattern at the time of planting, 
but no pruning has been done since that time. 

During the first part of the growing season of 1928, the entire 
experimental area was frequently cultivated until the latter part of 
July. The area was then divided into five rectangular plots, each 
of which contained 16 rows of 40 trees each. After making liberal 
applications of lime and superphosphate, these plots were seeded 
respeGtiydy to alfalfa, rye, grass, alfalfa, and grass. A good stand 
was obtained in all cases. 

The program of soil management for 1929 and 1930 was as fol- 
lows: (1) Cultivation cover crop area-^plow the rye cover crop in 
April; cultivate to keep down weeds fifitil July; sow cover crop, 
rye 1929, sweet clover 1930; (2) Alfalfa and grass plots — mow 
early in June, pile fresh clippings in circle 5 ft. in diameter about 
the base of all trees in the plots ; mow these plots again in x\ugust 
and allow clippings to rot in place. 

The procedure in 1931 was varied somewhat. Only half of the 
cultivation^cover-crop plot was plowed and cultivated in the usual 

to grow on the other half 
of this plot, 'rtie thirds of the plots in grass, 

in alfalfa and in sweet clover were mown on June 10, allowing the 
clippings to rot in place. The middle th^;^ each of these areas 
remained undisturbed until early August wiien the alfalfa and sod 
plots were again mown and when the sweet clover was disked 
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under. A cover crop of rye was sown at this time on the entire 
cultivated plot as originally planned. 

Fertilizer was applied in a circle 4 to 5 ft. in diameter around 
each tree in every other row, not counting the buffer row, as fol- 
lows: June 1, 1929, j4-pound sodium nitrate ; June 1, 1930, j4-pound 
sodium nitrate ; May 15, 1931, 1 pound ammonium sulphate. 

Response of Trees 

During the first year when the soil management was the same 
throughout the area, the trees grew well and the soil variations 
which affected tree growth proved to be about equally distributed 
among the plots. During 1929 and 1930, the trees on the cultivated 
and on the alfalfa plots, with and without nitrogen, showed about 
the same leaf color, and differences in vigor could not be ascribed 
to the treatments. During the season 1931, however, there was a 
slightly darker green leaf color on the trees in alfalfa which re- 
ceived nitrogen compared with those receiving no fertilizer. 

In the sod plots, those rows receiving nitrogenous fertilizer, as 
was to be expected, were obviously superior to the non-nitrated 
rows in leaf color and vigor even as early as the summer of 1929. 
The differences became even more noticeable in 1930 and 1931. In 
general, the leaf color and vigor of growth of the sod trees receiv- 
ing nitrogen compared favorably throughout the 3-3"ear period with 
trees under cultivation and alfalfa. 

In 1931 the leaves of the trees on those parts of the alfalfa and 
grass plots not mown until August were noticeably lighter green as 
compared with the foliage of the trees where the grass and alfalfa 
was cut in June. This difference was less striking in late fall but 
persisted longest in case of the non-fertilized grass. On the other 
hand, in the cultivation-cover-crop area, the foliage of the trees was 
as good where the sweet clover was allowed to mature as that on 
parts of the plot where sweet clover was cut in June, or for that 
matter, where the cover crop had been plowed under in spring. 
Cutting of the sweet clover was done too late to force a second 
growth of clover from the basal buds and the soil condition was 
such that a luxuriant growth of weeds, mainly foxtail (Sferiist gtau^- 
ciis), took possession of the soil along with the sparse second growth 
of sweet clover. Soon after cultivatioii ceased on the plowed portion 
the weeds likewise came up abundantly. 

Girth Measurements 

Girth measurements of the tree trunks were taken at the end of 
each year and the averages for 1931 for the various varieties under 
different treatments are given in Table I. While the differences may 
seem small, it should be noted that the relatively large number of 
trees involved in each plot greatly reduces the probable error. Fur- 
thermore, approximately the same differences were shovrii when the 
4 to 12 trees of each variety in each row were regarded separate 
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plots. It is well known that small differences in girth of young- 
trees indicate rather large differences in total growth of the trees. 


TABLE I— Girth of Young Apple Trees Under Cultivation, in Alfalfa 
AND IN Grass Sod With and Without Nitrogen Fertilizer Added 




Average Girth in Centimeters 

Variety 

i\0« i- 

Receiving 

Each 

Cultivation Cover Crop 

Alfalfa 

Sod. 


Treatment 

— N. 

+N. 

— N. 

+N. 

— N. 

-hN. 

Cortland 

96 

13.3 

13.3 

12.6 

13.1 

11.7 

13.5 

Deliciotis 

32 

13.1 

14.1 

13,4 

14.0 

13.5 

15.0 

Rhode Island 








Greening 

96 

15.0 

16.2 

15.2 

16.1 

14.3 

16.5 

McIntosh 

32 

13.3 

13.5 

13.3 

13,9 ; 

11.7 

14.0 

Northern Spy. . . 

64 

13.7 

14.2 

13.6 

14.3 

11.5 

14.3 


In the main, the girth measurements correspond to the observa- 
tions of leaf color and genex'al vigor. The sod trees without nitro- 
gen have made the poorest growth, excepting the variety Delicious. 
All varieties, excepting Cortland, made as good growth under al- 
falfa as under cultivation where no nitrogen was added. 

Where nitrogen was used, the trees under cultivation, in alfalfa, 
and in grass all show approximately the same girth for a given 
variety. If there is any difference, it is slightly in favor of the 
grass trees. This may be due to the fact that the grass responds 
more than does alfalfa to nitrogen applications. It is known that 
nodule production on legumes is greatly reduced by heavy applica- 
tions of nitrogen and this may explain why the growth of alfalfa 
is about as good whether or not nitrogen fertilizer is used (2). Dur- 
ing the earlier years when the clippings were piled around the trees, 
the grass mulch smothered the surface growth for a longer period 
than did the alfalfa mulch. The fact that the alfalfa under the mulched 
circle around the trees was soon killed and replaced by grass 
should also be considered in interpreting the results. 

Soil Moisture Cohdition 

In 1931 the rainfall at Ithaca, during the months from April 
through August, was 11 inches, or approximately two-thirds the 
mean for that period. It seemed that under these conditions the 
soil moisture differences in the various plots would be especially 
marked. The average moisture content of the surface foot of soil 
in a large number of samples obtained from the spaces between the 
trees is shown in Table II. Where the grass and alfalfa were cut 
in the early part of the summer, the soil moisture is somewhat 
higher than in any other case. The low moisture content on the 
cultivated plots may be explained on the basis of the luxuriant 
growth of the volunteer crop of weeds which took possession of 
the land after cultivation ceased in early July. Since the growth of 
the trees in the cultivated plots was as satisfactdry as in other 
plots, it is obvious that the variations in tree growth observed in 
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this experiment are not closely related to the differences in soil 
moisture content. The ability o£ the trees to use the available 
moisture apparently depends to a large extent upon the nitrogen 
supply in the tissues of the trees. 

TABLE II — Soil Moisture Content, August 6, 1931, in Plots Variously 

Treated 


Soil Management 

Moisture 
Per cent of 
Dry Weight 

Alfalfa — -Cut, June 10 

1S.2 

Not cut 

15.7 


Grass — Cut, June 10 

18.1 

Not cut 

16.8 


Sweet Clover — Plowed under June 10. Good stand of weeds, mostly 
Foxtail (Silaria glauca) ’ . 

12.7 

Sweet Clover — Cut, June 10. Soil covered by mixture of Foxtail and 
second growTh clover 

16.8 

Sweet Clover — Not cut. Good stand 5 to 7 ft. tall 

15.6 


TABLE III — Nitrogen Content of Twig Leaves of Young Apple Trees 
Growing Under Cultivation, in Alfalfa, and in Grass Sod With and 
.Without Nitrogen Fertilizer Added 


Nitrogen in Per cent of Dry Matter 


Variety 

Date of 
Sampling 

Cultivation 
Cover Crop 

Alfalfa Seed 

Grass Sod 

— N 

+x 

— N 

+N 

—N 

+N 

Glortflf^nd 

Oct 10 1930 



1,71 

1.93 

1.39 

1.84 


June 9, 1931 



2.38 

2.77 

1.98 

2,75 

Delicious 

Oct. 10, 1930 



: 

2.20 

2.60 

1.69 

2.14 


June 9, 1931 

2.51 

2.92(a) 

2.37 

2.82 

1.93 

2.74 



2.60 

2.69(b) 






Oct. 17, 1931 

— 

— 

1.93 

2.08 

1.81 

2.11 

Rhode Island 

Oct. 10, 1930 





1.88 

2.20 

1.86 

2.30 

Greening 

June 9, 1931 





2.37 

2.82 

1.67 1 

2.62 

McIntosh 

Sept. 29, 1930 





1.58 

2.16 

Northern Spy. . . 

Oct. 10, 1930 

. 



1.93 

2.20 

1.69 

2.11 


June 9, 1931 

2.49 

2.90(a) 

2.14 

3.00 

2.05 

2.79 



2.64 

2.87(bV 






Aug. 10, 1931 

2.34 

2.62(a) 

2.00 

2.45(c) 

1.78 

2.28(c) 



2.14 

2.51(b) 

2.42 

2.51(d) 

1.92 

2.45(d) 


Oct. 17, 1931 

■ 

— 

2.01 

2.14 

1.58 

2.08 


a-b. Sweet clover cover (a) Plowed under in spring; (b) Still growing; (c) Sbd mown, Aug. 7, 
(d) Sod mown, June 10 and Aug. 7. 


Nitrogen Content of the Tissues 

Chemical analyses have been made to determine the nitrogen of 
the leaves, of the bark, and of the wood. In this paper the results 
for the leaves will be given special consideration. Samples of 
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leaves, chosen approximately 6 inches from the base of representa- 
tive terminal shoots, were taken from 20 trees of each varitey for 
each treatment. Total nitrogen was determined in the dried leaves 
according to the official methods. 

Where no nitrogenous fertilizer was added to the soil, the nitro- 
gen content of the leaves of apple trees growing in grass was the 
lowest of any of the plots, while those from trees in cultivation 
were highest. The leaves from trees on alfalfa plots occupied an 
intermediate position, indicating that alfalfa alone, even though 
superior to unfertilized sod, does not supply as much nitrogen as 
the trees can obtain in the cultivated soil. It should also be noted 
that the apple trees are apparently able to obtain more nitrogen 
under vigorously growing sweet clover than under a good stand of 
alfalfa. 

Under the conditions of this experiment the addition of fertilizer 
increased the nitrogen content of the leaves of trees growing in cul- 
tivated plots, and the girth measurements likewise indicated a 
favorable response in growth. While the trees in grass with nitro- 
gen applied showed a somewhat lower nitrogen content in their 
leaves than was found in either the fertilized alfalfa sod or the 
fertilized cultivation-cover-crop plots, nevertheless this difference 
was not reflected in the girth of the trees. These results suggest 
that the nitrogen content of the leaves of the fertilized trees in the 
cultivation-cover-crop plots and in the fertilized alfalfa probably 
exceeded the optimum amount. 

In June, the nitrogen content of apple leaves was as high or even 
higher where the sweet clover was still growing as it was on parts 
of the cultivated area with the legume turned under in early spring. 
As previously indicated, where cultivation stops in early July the 
moisture content available during the latter part of the growing 
season was greater under the sweet clover than under the volunteer 
crop of weeds which appeared after cultivation ceased. The in- 
creasing popularity of sweet clover as a biennial cover crop there- 
fore appears to be well founded. 

The somewhat lower nitrogen content of the leaves in the Octo- 
ber samples as compared with the samples taken in June is a re- 
flection of the influence of aging leaves and suggests also that the 
movement of nitrogen into the twig may have begun. The deter- 
mination of nitrogen diiriiig the latter part of November in the 
bark of 3-year-old branches about 2 centimeters in diameter shows 
a percentage approximately two-thirds as high as that found in the 
leaves during October. The relationships to the various soil treat- 
ments is the same as ^ shown by the data for leaves. In the wood, 
the percentage of nitrogen is approximately one-fourth as great as 
that of the bark, and here, too, the sod plots show least, while culti- 
vation-cover-crop plots show the highest amount. In contrast to 
the other tissues, however, the percentage of nitrogen in the wood 
is slightly less where the nitrogen is added to the soil than in the 
corresponding treatments without fertilizer. Studies on carbo- 
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hydrate, which are to be reported in detail elsewhere, indicate that 
nitrogen application increases the amount of starch stored in the 
wood to a much greater extent than it increases the amount of 
starch stored in the bark. 

Concluding Remarks 

It is apparent that the use of alfalfa as a permanent cover of the 
orchard soil affords a better nitrogen supply for apples than is 
available under grass, and the growth of young trees is approxi- 
mately as good as under cultivation. On the other hand, alfalfa 
alone does not supply all of the nitrogen that the trees can use. 
Where a nitrogenous fertilizer is applied to the alfalfa there is 
some increase in the nitrogen content of apple tree tissue, but so far 
as growth is concerned, there is no greater benefit than that ob- 
tained by applying fertilizer to the grass sod. Sweet clover comes 
nearer than does alfalfa to supplying as much nitrogen as is re- 
leased by cultivation alone. 

Where the cultivation ceases early in the growing season, the 
nitrogen available to the apple tree, especially in late fall, may be 
reduced by a rapidly growing non-legum incus cover crop. Under 
such conditions the nitrogen supply can be maintained at a high 
level by the application of fertilizer, or by continuing cultivation 
later in the season. 

It is evident that much of the nitrogen is locked up in the tissues 
of either the alfalfa or the grass and therefore early and frequent 
mowing seems advisable if the maximum amount is to be made 
available to the tree in spring. It may be desirable to cut the 
grass or alfalfa as soon as it is high enough to be clipped by the 
mower — in early May, if possible. The nitrogen content of the 
young succulent clippings is relatively high, and it is evidently 
in a very easily decomposed form so that it becomes available 
to the trees within a few weeks. Where the grass or alfalfa is cut 
less frequently and at a more mature stage, the nitrogen is, of course, 
withheld from the tree for a longer period, but the amount of dr>^ 
matter which serves as a mulch is greater. Unless it is piled in a 
small area, however, the mulch will seldom be heavy’’ enough to 
smother the surface growth, and in all probability more soil mois- 
ture would be conserved by frequently reducing the transpiring 
surface of the sod, as is done fey mowing. Furthermore, the better 
nitrogen supply under the clipp^ sod will enable the trees to utilize 
more of the moisture av’ailable in a relatively dry soil. 
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Nitrogen Intake and Translocation in Apple Trees 
Following Fall, Winter and Spring Sodium Nitrate 
Applications^ 

By W. W. x\ldrich, U. S. Department of Agriculture, 
Washington, D. C- 

JN some fruit regions it is a commercial practice to apply a quickly 
available nitrogenous fertilizer in the fall as well as in the spring. 
The fall nitrate, usually applied in late September, has resulted in 
satisfactory growth revsponses of the tree. The experimental work of 
Hooker (3, 4) and Schrader and Auchter (5, 6) has shown the spurs 
of trees receiving nitrate in the fall to be higher in total nitrogen the 
following spring than spurs of unfertilized trees. Furthermore, one 
year at blossoming time Schrader and Auchter (vS) found more total 
nitrogen in the spurs of trees receiving nitrate in the fall than in the 
spurs of trees receiving nitrate in the spring, and the next year at 
blossoming time they (6) found nearly as much total nitrogen in the 
spurs of fall fertilized as in the spurs of spring fertilized trees. These 
results show that by spring the nitrogen from early fall nitrate appli- 
cations reached the spurs, but they do not show whether the nitrogen 
from the fall nitrate remained in the soil during the winter to be 
taken up by the tree in the spring, or wdiether the nitrogen was taken 
up by the tree in the fall. 

In regions of relatively mild winters, such as the Shenandoah-Cuin- 
berland region, only a few inches of surface soil are frozen during 
the coldest weather, and for many periods the soil is unfrozen. Thus 
many of the apple tree roots should be sufficiently active during the 
late fall and winter to take up available nitrogen. To study the nitro- 
gen intake and translocation in apple trees following fall, winter, and 
late spring nitrate applications a series of experiments have been car- 
ried on during the past 3 years. It has already been shown ( 1 ) that 
nitrate applied in late August or early September increased, in some 
cases, the nitrogen content of the spurs and leaves within 4 to 6 weeks. 
Unpublished data have shown that when the nitrate was applied in the 
late fall or in the winter, the nitrogen content of the spurs was usually 
not increased, until growth had commenced the following spring, but 
at that time the spurs of late fall and winter fertilized trees had 
nearly as much nitrogen as the spurs of early fall or spring fertilized 
trees. Since it was found that occasionally late fall or winter nitrate 

^These experiments were started and conducted for two years as a Maryland 
Experiment Station problem under the direction of Dr. E. C. Auchter. The 
third year’s work, reported in this paper, was conducted as a joint problem be- 
tw’^een the Maryland Experiment Station and the U. S. Department of Agri- 
culture. 
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applications did result in increased spur nitrogen during the fall and 
winter, as compared with the check, it seemed likely that nitrogen was 
taken up during the winter months. To secure more data upon nitro- 
gen intake by the tree during the wunter, an intensive study was made 
of a few trees receiving either late fall, winter, or spring nitrate 
applications. 

Outline of Methods 

Small, nitrogen-deficient York Imperial apple trees near Hancock, 
Md., about 10 years old and in the off-bearing year were used. The 
trees had previously received no fertilizer except a vet}’ light applica- 
tion of manure during the previous winter. The soil was poor, a 
shallow Holston loam, low in organic matter, with only a few weeds 
growing upon it. 

Eight groups of three trees each were selected, each in one of 
eight parallel rows extending up a gradual slope. The York Im- 
perial rows alternated with Oldenburg rows, which served as buffers. 
Groups E and F, left unfertilized, are referred to as “check groups.” 
Groups C and D received 10 pounds of sodium nitrate ]>er tree on 
Nov. 1, 1930, groups G and H, 10 pounds on Jan. 1, 1931, and 
groups A and B, 10 pounds on March 5, 1931. Just before applying 
the nitrate and at intervals thereafter samples of very small rootlets, 
medium-sized roots, terminals, and spurs were obtained for analysis. 

The root samples were taken from the first foot of soil in four places 
around each tree in each group. After the roots were thoroughh- 
washed and surface-dried, the very small rootlets (under 0.5 mm. in 
diameter) were removed from the large root pieces, and constituted 
the “rootlet” sample. From larger roots between J4 and J4 inches in 
diameter, representative pieces were cut, constituting the “medium- 
sized root” samples. A terminal sample consisted of a composite of 
18 shoots secured by taking six terminal shoots (5 to 7 inches long) 
from each of the three trees in each group. On May 15, 1931. 
sampling, the terminals were separated into “1930 growth,” “1931 
growth,'’ and “leaves.” A spur sample in the dormant season included 
the 1930 growth of 30 non-blossoming spurs from each tree in each 
group. At the May 15 sampling only spurs having just three fully de- 
veloped blossoms were used, and each spur was separated into “1930 
growth” and “1931 growth” and the 1931 growth was further separated 
into “wood,” “leaves,” and “blossoms.” These samples were dried at 70 
degrees F. for 72 hours, ground and analyzed for total nitrogen by 
the Gunning-Kjeldahl method, as previously described (1). 

Results Obtained 

Rootlets — The total nitrogen content of the rootlets is given in 
Table I. Between November 1 and January 1 the nitrogen in the 
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rootlets -of groups C and D, which were fertilized with nitrate on 
November 1, increased over 50 per cent; whereas in the check groups 
the rootlet-nitrogen increased only 4 and 16 per cent, respectively. 
Between January 1 and May 15 the rootlet-nitrogen of groups C and 

TABLE I — The Total Nitrogen Content of York Imperial Apple Rootlets 
(under 0.5 MM. IN Diameter) Following Sodium Nitrate Applications 
(10 lbs. per Tree) in Late Fall, in Mid-winter, and in Early Spring 


Nitrogen Expressed as Per cent of Drv Weight 


Dates 
Samples 
Were talcen 

Trees Receiving 
Nitrate on 
March 5, 1931 

Trees Receiving 
Nitrate on 
November 1, 1930 

Trees Without 
Nitrate 

Check 

Trees Receiving 
Nitrate on 
January 1, 1931 


Group A 

Group B 

Group C 

Group D 

Group E 

Group P 

Group G 

Group H 

Nov. 1 

— 

— 

1.02 

1.09 

1.14 

1.10 

— 



Jan, 1 

— 

— 

1.64 

1.56 

1.19 

1.28 

1.36 

1.30 

March 5 

1.29 

1.33 

1.69 

1.64 

1.23 

1.26 

1.75 

1.77 

April 15. . . . 

1.50 

1.61 

1.71 

1.78 

1.45 

1.29 

1.71 

1.73 

May 15.,.. 

1.50 

1,66 

i 1.76 

1.53 

1.51 

1.36 

1.74 

1.65 


D continued to increase but at a very slow rate. The rootlet-nitrogen 
of the check groups E and F also continued to increase at a rate 
greater than in ihe fall fertilized groups. Thus while the rootlets of 
the unfertilized trees took up nitrogen slowly all winter and spring, 
similar rootlets of the fall fertilized trees absorbed much nitrogen 
during the 2 months following the fall nitrate application. 

The rootlets of groups G and H, receiving nitrate on January 1, 
increased in nitrogen approximately 30 per cent between Jannary 1 
and March 5 ; whereas the rootlets of the check groups showed very 
little nitrogen increase during that period. After March 5 the winter 
fertilized groups showed no further increase in rootlet-nitrogen. In 
this case the rootlets of winter fertilized trees took up a great deal of 
nitrogen during the 2 coldest months, January and February. 

The rootlets of groups A and B, receiving nitrate on March 5, in- 
creased in nitrogen 16 and 21 per cent, respectively, between March 
5 and the commencement of the growth on April 15; whereas the 
rootlets of the check groups E and F increased in nitrogen 18 and 2 
per cent, respectively. By the time growth was beginning the rootlets 
of these spring fertilized groups had not shown nearly as great a 
nitrogen increase as compared with the check as had the rootlets of 
both the fall and the winter fertilized groups since receiving their 
nitrate application^. However, nitrogen may have been moving out 
of the rootlets of the spring fertilized trees faster than out of the 
check rootlets, thus masking the nitrogen intake by the roots of these 
fertilized trees. The data upon the medium-sized roots presented 
next indicates this translocation out of the rootlets: The rootlet data 
have shown that nitrate applied in the late fall, in mid-^winter, or in 
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the earl}’ spring resulted in increased nitrogen in the ver}' small roots 
within 6 to 8 weeks, as compared with the check. 

AlediHju-Siscd Roots — Space does not permit the presentation of 
full data on the total nitrogen content of the medium-sized roots ( Vs 
to yi inch in diameter). These roots of the fall fertilized groups C 
and D increased in nitrogen 22 and 38 per cent, respectively, between 
Xovember 1 and January 1 : while that of the check groups decreased 
during this time. These data indicate that part of the nitrogen taken 
up by the rootlets of the trees receiving nitrate was translocated to 
the larger roots ; but in the unfertilized trees nitrogen was moved out 
of the larger roots faster than it was moved in from the rootlets. 
The medium-sized roots of the fall fertilized groups continued to 
increase in nitrogen until !March 5, and decreased in nitrogen when 
growth of the tops commenced. The nitrogen in medium-sized roots 
of the check groups decreased until March 5, and thereafter remained 
fairly constant. 

In the groups receiving nitrate in the winter, the nitrogen of the 
medium-sized roots of group G remained constant between January 1 
and March 5 ; wdiereas the nitrogen of similar tissue of group H in- 
creased. By April 13 the nitrogen in the medium- sized roots of both 
winter fertilized groups G and H had increased considerably, but 
after April 15 the nitrogen in this tissue of group H decreased. 

The medium-sized roots of groups A and B receiving nitrate in 
the spring, increased in nitrogen between March 5 and April 15. 
After April 15 the root-nitrogen of group A continued to increase 
while that of group B decreased. 

These data indicate that during the winter nitrogen taken up by the 
small rootlets was translocated into the larger roots, and that this 
translocation continued during the 3 to 4 winter months following 
a fall or winter nitrate application. In the medium-sized roots of the 
unfertilized trees the nitrogen was apparently moved out into the 
other parts of the tree faster than it was moved in from the absorbing 
rootlets. In the fertilized trees although the nitrogen was probably 
also moving out of the medium-sized roots, the total nitrogen in- 
creased during this period in three out of four groups, The fact that 
on May 15, at full bloom, the medium-sized roots of the ^ups re- 
ceiving nitrate were higher in nitrogen than such roots of the un- 
fertilized groups indicates that these larger roots function at this 
time as storage tissues. 

The fact that medium-sized roots from the unfertilized trees de- 
creased in nitrogen content during the winter indicates that in the 
case of all trees there was some movement of nitrogen out of the 
larger roots into other parts of the tree during that time. In order to 
determine whether this nitrogen was translocated to the buds and 
shoots before the commencement of growth the data upon the ter- 
minals and spurs were secured. 

Ter mmols — The nitrogen in the terminals of the unfertilized trees 
increased slowly during the winter and then increased rapidly just 
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before growth commenced on April 15. By May 15, when the trees 
were in full bloom, much of the nitrogen had moved out of the old 
(1930) growth into the new growth and leaves. 

TABLE II~The Total Nitrogen Content of York Imperial Apple Spurs^ 
Following Sodium Nitrate Applications (10 lbs. per Tree) in the Late 
Fall, in Mid-winter, and in Early Spring 


Nitrogen expressed as per cent dry weight 


Dates 

When 

Samples 

Were Taken 

Trees Receiving 
Nitrate on 
March 5 

Trees Receiving 
Nitrate on 
November 1 

Trees Without 
Nitrate 

Check 

Trees Receiving 
Nitrate on 
; January 1 


Group A 

Group B 

Group C 

Group D 

Group E 

Group P 

Group G 

Group H 

I 





1.54 

1.49 

1.41 


— 



Jan. 1 

— 

— 

1.48 

1.61 

1.56 

1.56 

1.56 

1.57 

March .5. . . . 

i 1.51 

1.54 

1.64 

1.58 

1.51 

1.60 

1.52 

1.59 

April 15 

May 15, 

2.56 

2.56 

2.51 

2.55 

2.49 

2.56 

2.51 

2.36 

1930 Growth . 

1.60 

1.65 

1.55 

1.52 

1.45 

1.45 

1.68 

1.84 

1931 Growth. 

3.54 

3.40 

3.47 

3.37 

3.23 

3.27 


3,96 

1931 Leaves . 

3.33 

3.37 

3.40 

3.17 

2,93 



3.70 

1931 Blossoms 

3.57 

3.53 

3.43 

3.43 

3.27 

3.07 

3.77 

3.97 


^Note — The spurs taken at the first four samplings were those which had not blossomed the 
previous spring but which apparently would blo^m the current spring. Spurs taken May 15 were 
those having toree blossoms per cluster. 


The terminals of groups receiving nitrate on November 1 and 
January 1 showed approximately the same nitrogen changes as the 
terminals of the check groups until March 5. On March 5 the fall 
and winter fertilized groups failed to show a significant terminal 
nitrogen increase as compared with the check groups. Between 
March 5 and April 15 all fertilized groups and both check groups 
showed marked increases in terminal-nitrogen, with the terminals 
from the fertilized groups showing in most cases slightly more nitro- 
gen on April 15 than the terminals of the check groups. On May 15 
the 193.1 terminal growths of all fertilized groups had slightly higher 
nitrogen contents than those of the check groups. The leaves on the 
1931 terminal growths of the fertilized groups were much higher in 
nitrogen than the leaves of the check groups. 

These data show that on the average nitrate applications in the 
fall or in the winter did not result in significant nitrogen increases 
in the terminals by March 5, as compared with the check. By April 
15, when the terminals of all trees were increasing in nitrogen just at 
the commencement of growth, the terminals of all groups receiving 
nitrate had nitrogen increases resulting from the nitrate applications, 
although the increases over the check were very slight. This would 
indicate that the nitrogen translocation from the storage tissues to the 
tenninal Rowing points d place to any great extent until 
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Spurs — The nitrogen content of the spurs is given in Table 11. 
None of the groups receiving nitrate in the fail, in the winter, or in 
the earl}' spring showed significantly higher nitrogen in the spurs 
before or on the iVpril 15 sampling. On the May 15 sampling, how- 
ever, all the groups receiving nitrate showed higher nitrogen content 
in the new and old growths, leaves and blossoms than did similar 
tissue in the check groups. The highest nitrogen content was found 
in the spurs from the January 1 fertilized groups. 

These data bring out the fact that, although the roots took up nitro- 
gen from the fall, winter, and spring nitrate applications within 6 to 
8 weeks after the nitrate was applied, the total nitrogen content of the 
spurs was not affected until the new spur growth was developing. 

Discussion 

The increase in total nitrogen during the winter in the feeding 
rootlets of these nitrogen-deficient trees indicates that these roots 
were taking up nitrogen from the soil. Sullivan and Kraybill (7) 
concluded, from their work with Staynian A\'"inesap in Indiana, that 
absorption of nitrogen from the soil took place during the winter. 
The decrease during the winter in total nitrogen in the medium-sized 
roots of the check trees found in the present work indicates the 
movement of nitrogen out of these roots faster than it moved in. 
Since Eckerson (2) has shown the presence of reducase (nitrate re- 
ducing material) in apple roots during the winter, the nitrogen in the 
roots may be reduced during the winter from the nitrate to the or- 
ganic forms of nitrogen. Such data all point to active nitrogen move- 
ment and metabolism in apple roots during the winter months. 

The fact that on March 5 the terminals and the spurs of the fall 
or winter fertilized trees did not show appreciable nitrogen increases 
as compared to similar tissue in the unfertilized trees indicates that 
the increased nitrogen taken in by the roots following fall or winter 
nitrate applications was in this case not translocated to the growing 
points of the limbs during the wdnter. Although the root data show 
that part of the nitrogen from the nitrate applications is stored in the 
roots and that part is moved out of the medium-sized roots, the data 
do not indicate what fraction of this nitrogen taken in was moved 
into the very large roots, the trunk, or the scaffold limbs. 

The decrease in the nitrogen in the medium-sized roots of all trees 
between April 15 and May 15 indicates a movement of nitrogen re- 
serves from the roots. The nitrogen removed was in all probability 
translocated to such growing tissues as the terminals and spurs. 
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Growth of Fruit and Stomatal Behavior of Elberta 
Peaches as Affected by Weather Conditions 

By H. J. W^EiNBERGER, U. S. Department of Agricnlhire, 
Washington, D. C. 

jQAILY measurements of Eiberta peaches were made as a pre- 
liminary study to determine some of the factors affecting the 
growth of the fruit and the possible connection between growth 
and stomatal behavior. Recent work with apples (2) has shown 
a very close correlation between the daily interval of stomatal 
opening and the growth rate of the fruit. Hendrickson (3) has ob- 
served that the stomata of certain stone fruit trees grown under 
conditions of little or no available soil moisture had a smaller 
maximum opening than those on trees growing in soil containing 
an abundant supply of moisture. 

Work was conducted in a 20-year-old peach orchard of the Uni- 
versity of Maryland, principally with the Elberta variety. Fifteen 
representative peaches on each of S trees were tagged July 6 and 
measured at daily intervals thereafter. Horizontal circumferences 
were taken and the measurements w^ere converted to a volume 
basis. Temperature and rainfall records were obtained from the 
weather observer at the University. The method used in studying 
stomatal movement was similar to that used by Furr and Magness 
(2) with apples. A small section was torn from the peach leaf in 
such a manner that portions of the lower epidermis were exposed 
along the margin. These were examined with a microscope and 
counts were made immediately of the number of stomata open and 
closed. 

The daily measurements of the fruit are shown in Fig. 1. The 
time of day the records were made proved to be an important factor, 
especially early in the season when growth was slow. On July 6 
the fruit had a volume of 23.3 cc. and on the following day 23.8 cc. 
On July 8, however, the fruit had diminished in size to 23.1 cc. On 
the latter date measurements were made at 1 :30 p, m., S hours later 
than usual. As a result the peaches were smaller than they had 
been two days previously. Measurements made July 14 at 6 :30 a. m. 
averaged 25.03 cc. At 3 p. m, on the same day the peaches aver- 
aged only 24.66 cc., a shrintGage of .37 cc. during a period when 
the average daily growth was only 0.3 cc. On three other dates, 
July 22, July 26, and Aug 1, measurements were made in the after- 
noon and on each of these dates the fruit was smaller than it had 
been the previous day. Peaches made practically all of their growth 
during the night when humidity was usually high and temperature 
low. Shrinkage during the day was not noted, however, during the 
period of rapid growth. 

From July 6 to August 9 the fruit increased in size f volume) 
only 12 cc. During the latter part of the period rainfall was lacfe- 
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ing, less than an inch of rain falling in scattered showers between 
July 17 and August 9. Unfortunately soil moisture determination 
was not begun until later, but the soil to a depth of 3 feet appeared 
dry and dust-like. Peach leaves showed definite signs of wilting 
and grass and weeds were thoroughly dried out. 



Fig, 1. Growth of fruit, daily maximum temperature, rainfall, and number of 
hours 20 per cent of stomata were open in peaches, College Park, Md., 1931. 


In spite of this dry weather, the peaches suddenly started a steady 
growth on Aug. 2 of 0.7 cc. per day, at a time when the highest 
maximum temperatures of the summer prevailed. Previous to that 
date the average daily growth had been less than 0.3 cc. This ac- 
celeration in growth indicated termination of the period of de- 
pressed growth noted by various workers (1,4) for stone fruits, 
and the initiation of the period of rapid growth which occurs just 
prior to maturity. 

In the afternoon of August 9 a heavy shower occurred in which 
more than an inch of rain fell. This increased moisture supply 
was immediately evident in a growth response of the fruit. The 
following morning the fruit showed an increase in size of 2.5 cc. 
Two days later 1.8 inches of rain fell, wetting the soil ta a depth 
of 2 feet. In the four days following the rain the peaches made 
more growth than they had the month previously. 
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Rainfall was abundant the remainder of the season and the fruit 
grew at approximately the same daily rate until picked. There 
appeared to be no significant correlation between daily temperature 
and growth. The peaches grew just as much when the maximum 
temperature of the previous day was above 90 degrees F. as when 



Fig. 2. Comparisort of time of closure of stomata on various days. 


the temperature did not rise above 80 degrees F., providing the 
variation in temperature occurred within a short time so the fruit 
was at comparable stages of maturity, and providing moisture was 
available. 

Stomatal movement appeared to be more closely associated with 
daily temperature and humidity than fruit growth. Between August 
3 and 8, during an extremely warm period with minimum humidity 
ranging between 20 and 30 per cent, the stomata closed very early 
as shown in Fig. 2. On August 5 and 6, practically all stomata 
were closed at 9 a. m. and on August 4 only 25 per cent were 
open at the same hour. As noted above soil moisture was lacking 
and peach leaves had wilted. August 11 was a cool, cloudy day 
with a minimum humidity of 75 per cent. A heavy shower oc- 
curred at 2:45 p. m. at which time 80 per cent of the stomata were 
open (Fig. 2), at least 65 per cent of them having been open all 
day. Stomatal movement on July 16 is also shown in Fig. 2. The 
morning was clear and hot, with a maximum temperature of 94 de- 
grees F. at noon. A majority of the stomata as usual had closed 
before 1 1 :30 a. m. At 1 p. m. the sky became overcast and the 
stomata reopened so that at 1 :30 p.m., 60 per cent were active. In 
the succeeding two hours more than 0.6 inch of rain fell, and at 5 
p, m. 70 per cent of the stomata were open. Stomatal movement on 
July 18 was very similar. Leaves examined at 7 p. m. just before 




542 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


dark, had 40 per cent of the stomata open. Thus temperature and 
humidity, as well as soil moisture, are important in detenniuing 
the daily interval of stomatal opening, 

Elberta and Crawford stomata behaved vei*y similarly until the 
fruit of the former had been picked. Then the Elberta stomata closed 
earlier, between 8 and 9 a. ni., while the stomata of the Crawford 
trees on which the fruit remained continued to be active to the usual 
time of closure, just before noon. 

To a certain extent growth of fruit was correlated with stomatal 
behavior* During hot, dry periods the stomata functioned for only 
a short time daily, and fruit growth was also inhibited, while dur- 
ing humid periods with an available supply of soil moisture stomata 
were active for the longest periods and fruit growth was most 
rapid. This relation may or may not be causal. Stomatal move- 
ment at least furnishes an excellent criterion of the moisture rela- 
tions of the peach trees and indicates whether a sufficient moisture 
supply is available for maximum growth. 
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The Relation of Soil Moisture and Spray Applications 
to Stomatal Behavior and Growth of Jonathan 
Apples^ 

By F. L. OvERLEY^ E. L. Overholser, and 1. A. Haut., State 
College of Washington, FiiUnian, WasJu 

J^URING the season of 1931, investigations were conducted to de- 
termine the effect of (1) varying the amounts of irrigation 
•water applied during the growing season from May 1 to September 
1, and (2) varying the spray material applied, on the size and 
growth of Jonathan fruits and upon leaf stomata behavior. The 
trees were grown in an orchard with an average cover crop for the 
AVenatchee District — some alfalfa, and mostly weeds. 

There were two series of test plots as follows: (1) Variation in 
amounts of water applied, from 21.7 acre inches to 53.5 acre inches 
with the same fertilizer and spray program; and (2) variation of 
spray program, including oils and other sprays but with the same 
fertilizer and irrigation. 

The soil is made up of different deposits of fine and coarse sandy 
loam with occasional angular rock fragments 2 to 6 inches in 
diameter. This type of soil is several feet in depth. The wilting 
percentage of the soil was not determined definitely for these plots. 
Results from other tests and soil moisture analyses, however, show 
the wilting point to be approximately 4 per cent. 

The total amounts of water, both rainfall and irrigation, applied 
to the four plots in the irrigation series during the growing season, 
from May 1 to September 1, varied as follows: Plot A, 34.5 acre 
inches; Plot B, 25.3 acre inches; Plot C, 21.7 acre inches; Plot D. 
53.5 acre inches. The average soil moisture determinations of the 
upper three feet indicated that at no time did the per cent of water 
in any of the plots reach the wilting point, of 4 per cent, or exceed 
the field capacity. 

The observations of the stomatal behavior with respect to the 
per cent that were open or closed at any time interval were essen- 
tially the same on all trees of each of the four plots. 

The stomata were uniformly open, during the days examined, as 
late as 3 p. m. until August 3. On August 3, 4, and 7, there was a 
reduced percentage open during the hour from 9 to 10 in the morn- 
ing, and a still lower per cent were open at three in the afternoon. 
On August 24, 25, and 28, there was a reduced number of stomata 
open in the morning and a further marked reduction in the number 
open in the afternoon on August 25. During these periods when the 
total number of stomata were more nearly closed, the average 
maximum temperatures (92 to 96 degrees F.) were the highest and the 

"Published as Scientific Paper No. 211, College of Agriculture suid Experi- 
ment Station, State College of Washington. 
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average minimum relative him idities (24 to 27 per cent) were the 
lowest for the season. 

These observations are, therefore, in agreement with the deduc- 
tions of Furr and Magness (1) who state that apple trees can 
function at near the maximum rate so long as the moisture content 
of the entire root zone is appreciably above the wilting percentage. 

This indicates that with high temperature and low relative 
humidity an earlier closing of stomata may result, even though the 
soil moisture is above the wilting point, while no stomatal response 
diiferences were shown by variations in amounts of soil moisture 
between wilting point and field capacity. With a good alfalfa cover 
crop growing in the orchard the temperature tends to be lower and 
the relative humidity higher than where clean cultivation is prac- 
ticed. 

Apples were tagged and measured every three days on three 
trees on each plot, both with random and controlled" leaf area 
samples. The data shown in Fig. 1 are from random samples; 
that shown in Fig. 2 are from controlled leaf area samples. The in- 
dicating growth line of fruit shows but little variation in any of 
the tests. At no time during the season was there a measurable 
checking of the fruit growth even with high temperature and low 
humidity. 

Volumetric measurements showed that the fruit gradually and 
consistently increased in size throughout the season on all plots in 
a comparable manner. These data are in agreement with the find- 
ings of Veihmeyer and Hendrickson (2). They reported, “Obser- 
vations extending over a number of years in deciduous fruit or- 
chards of California indicate that the soil moisture supply may 
fluctuate between wide limits without measurably affecting the 
growth of tree or yield and quality of the fruit.’' 

Stomata studies and growth measurements of fruit were also 
made on plots receiving applications of different spray materials 
but all with the same irrigation (34.7 acre-inches of water) and 
fertilizer treatment. The sprays were all applied with a gun at 
425 lbs. pressure and every side of the fruit and leaves were wet. 
The spray program for the four plots was as follows : Plot E, lead 
arsenate, 2 lbs. to 100 gallons, in calyx and live cover sprays ; Plot 
F, lead arsenate, 2 lbs. to 100 gallons plus 1 lb. spreader to 100 
gallons of the mixture, in cah-x and five cover sprays ; Plot G, 

*The controlled leaf area samples were from ringed branches thinned to IS 
leaves per apple. 

FOR Fig. 1. 

hiG. 1. Stomata and Fruit Growth Behavior on the Irrigation Series of Plots. 
(1) Growth line of fruit in volumetric cc. (2) Maximum temperature in de- 
grees F. (3) Per cent stomata open from 9 to 10 a. m. (4) Per cent 
stomata open from 2 to 3 p. m. (S) Relative minimum humidity in per cent. 
(6) Irrigation water applied in acre-inches. (7) Average per cent of soil 
moisture in first 3 feet, of soil 10 feet from tree. (3) Rainfall in acre-inches. 
(Max. temp, and min. humidity the same for all plots as shown in Plot A.) 
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rotenone, 8 ounces to 100 gallons water { rotenone first dissolved in 1 
gallon acetone), in calyx and five cover sprays ; Plot H, lead arsenate, 
2 lbs. to 100 gallons plus 1 gallon oil emulsion of light, medium 
type oil, 65-75 viscosity, in first five cover sprays and oil nicotine 
sulfate in the 6th cover. There were no significant consistent dif- 
ferences in the stomatal response of the leaves of the trees on the 
plots receiving varied spray applications. With adequate soil 
moisture supply, none of the types of spray materials used exerted 
any measurable influence upon the opening and closing of the 
stomata. 


TABLE I — ^Average Size and Color of Fruit from Irrigation and Spray 
Plots of Jonathans, 1931 


Plot 

Average 
Number Apples 
per Tree 

Average Weight 
of Fruit 
(Lbs.) 

Average Per cent 
Color of Fruit 

Average Circ. of 
Tree 
(cm.) 

A 

2,753 

.328 

71.5 


B 

2,381 

.316 

87.2 

91.3 

C 

2,539 

.351 

84.5 

88.0 

D 

2,715 

.351 

79.8 

89.3 

E 

2,753 1 

.328 

73 


P 


.369 

73 

93.0 

G 

2,969 

.323 

75 


H 

2,599 

.362 

71 

92.6 


On branches with controlled leaf area, there were no differences 
in rate and character of size increase of fruits on plots F. G. and H, 
as shown in Fig. 2. The growth of the fruit measured in Plot E 
was less throughout the season than the growth of the other plots. 
The average size of the fruit on plot E, or straight lead arsenate 
sprayed plot, at harvest time, was 129 apples per 42 lbs. box, com- 
pared to 117 apples per box from plot H, with light, medium oil 
spray in six covers. A better control of some of the leaf-injuring 
insects (especially the woolly aphis) was noted on the light, medium 
oil sprayed plot and thus the leaves functioned more efficiently 
photosynthetically. This is in agreement with results reported by 
Spuler, Overley and Green (3), ‘'Fruit on trees receiving a light 
oil (viscosity 50-55). however, was even larger than fruit sprayed 
wn'th lead arsenate.'' In other tests, however, where heavy oils 
(T 10-120 viscosity) were used in only three applications on heavily 
loaded Rome trees, the fruit ayerag^ almost two commercial box 
sizes smaller than that from lead arsenate sprayed plots, even 
though red spider and other leaf-injurious insects were controlled. 

Explanation for Fig. 2. 

Ftg. 2. Stomata and Fruit Growth Behavior in the Spray Series of Plots. (1) 
Per cent stomata open 9 to 10 a. m. (2) Per cent stomata open 2 to 5 p. tn. 
(3) Growth line of fruit in volumetric cc. (4) Irrigation water applied in 
acre-inches. (5) Average per cent of soil moisture in first 3 feet of soil 10 
feet from tree. ( 6 ) Rainfall in acre-inches. (Max. Tempv and Min. humidity 
the same for all plots as shown in Fig, 1, Plot. A.) 
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Apparently the heavy oils may have injured the leaves to the ex- 
tent that their photosynthetic capacity was lowered. 

The apples grown with the controlled leaf area, of IS leaves per 
fruit on ringed branches, were smaller than the random samples 
measured or the average size of fruit from the trees which had a 
larger leaf area per fruit. This accounts for the larger fruit shown 
by the growth line in plot A compared with the growth line for 
plot E with the same irrigation and" spray schedule. 

A comparison of the average size and color of all fruits harvested 
from the various plots of three trees each is given in Table I. 

The average size and color of the harvested fruit from the 
various plots showed considerable variation, which was probably 
due to a difference in load of fruit per tree or the leaf area per 
apple, rather than to the spray or irrigation program. 
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Relation of Moisture Supply to Stomatal Behavior of 

the Apple 

By J. S. Furr and E. S. Degman^, U. S. Department of Agriculture^ 
IFasJiiugton, D. C, 

^HE influence of moisture upon* fruit growth and stomatal be- 
havior of apples in the exceptionally dry season of 1930 was 
shown in a previous paper (1). This paper reports the results of 
similar studies at Hancock, Md. for the more nearly normal season 
of 1931. For the period May-Sept, inclusive, the rainfall in 1931 
totaled 18.2 inches. A ten-year average for the same period is 17 
inches. 

The studies reported here were not conducted on the plots used 
in 1930. In the spring of 1931, trees on plots irrigated in 1930 were 
much more vigorous than those on non-irrigated plots. To obtain 
comparable trees it was necessary, therefore, to select trees which 
had had no previous treatment. Furthermore, it was desirable to 
locate the plots on soil comparatively free from large rocks, so that 
soil samples could be taken with a soil auger. 

Four plots were laid out in a 10-year-old Grimes Golden and De- 
licious planting. The trees were 22 feet apart. The soil, a shaly 
loam, had been in clover sod for several years, but in the spring of 
1931 was plowed and cultivated. Four Grimes Golden and six 
Delicious trees received irrigation; five Grimes Golden and four 
Delicious trees, no irrigation. The Delicious plot was irrigated by 
the furrow method, the Grimes Golden plot by over-head sprinklers. 

The growth rate of fruit was determined by measuring with a 
steel tape the circumference (perpendicular to the axis) of 15 fruits 
on each tree twice a week. The volume of each fruit at each date 
was obtained from a conversion table, assuming the fruit to be a 
sphere and the average volume for each date was calculated. 

The method used for determining stomatal behavior was the same 
as that described in a previous paper (2), except that, instead of 
estimating the width of aperture of each stoma observed, 50 
stomata were counted per leaf observed and the number of stomata 
open was recorded with a Veeder counter. Usually four leaves were 
taken from each tree at intervals of from 45 minutes to one hour. 
The percentage of stomata open on a plot at a given time thus rep- 
I'esents the average condition of 400 to 600 stomata. The variabil- 
ity in percentage of stomata open between leaves of the same tree 
was found to be unusually high for these trees. It is believed that 
this was due in part to severe hail injury, which occurred in these 
plots since much less variability was found for trees outside of the 
hail area. 

Stomatal data and soil samples were taken from ^ of the 
Grimes Golden trees. It was assumed that soil moisture conditions 
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would be approximately the same on the Delicious plots which were 
adjacent. 

A separate soil sample was taken at 3, 6, and 12 feet from the 
trunk of each tree. The surface two feet were taken, each foot 
separately. Each sample was a composite of soil from several bore 
holes. So little variation in moisture distribution was found that 
the average of all samples from a plot have been used in this paper. 



a.m. p. m, a. m. p. m. 


Fig. 1. Soil moisture, fruit growth, irrigation, and rainfall on irrigated and 
non-irrigated plots. The heavy horizontal line at 9.5 per cent soil moisture 
represents the wilting percentage. The broken portions of the soil moisture 
curves are assumed, the solid portions are the actual slope. 

A layer of shale 2 to 3 feet below the surface, prevented sampling 
to a greater depth. The plot average was calculated from all 
^mples taken on the plot. The wilting i>ercentage of the soil was 
determined by growing sunflowers in sealed cans. 

Tagged fruits were measured twice a week beginning July 21. A 
severe hail storm on July 27 injured the foliage and fruits, necessi- 
tating some substitutions for tagged fruits. 

Discussion of Results 

The curves for fruit volume (Fig. 1) show that the fruits on the 
non-irrigated plots were slightly larger than those on the irrigated 
plots at the start of the measurements. 
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(Jn Aug. 1, approximately 3 acre-inches of water were ai)plied 
to the Delicious plot ; the OVimes Golden trees received about half 
of this quantity on Aug. 1 and the remaining half on Aug. 7. There 
was an immediate increase in the growth rate of the fruit on the 
irrigated plots. 

The moisture content of the soil in both plots decreased until 
Aug. 19, when about 2 inches of rain fell during a 4-day period. 
Before this rain, the soil moisture of the non-irrigated plot was ap- 
proximately at the wilting percentage in the surface two feet, while 
that of the irrigated plot was about 6 per cent above the wdlting 
percentage. After this rain, the rate of growth of the fruit on the 
non-irrigated plot increased until it paralleled that of the irrigated 
fruit, and remained about parallel until Sept. 10. when the fruit of 
the non-irrigated plot tended to slow up in growth rate, though this 
change was not marked. At this time, the soil of the non-irrigated 
plot was about 4 per cent above the wilting point. During the re- 
mainder of the season, the soil moisture content of the non-irrigated 
plot remained 3 to 4 per cent above the wilting percentage. 

Fig. 2 shows graphically the influence of soil moisture, temperature, 
and relative humidity upon stomatal behavior for several typical days 
during the season, 

Aug, 13 was partially cloudy, with high relative humidity and 
relatively low temperature ; i,e„ insolation and saturation-deficit 
were relatively low. On Sept. 22, the temperature was higher and 
the relative humidity was lower than on Aug, 13, but the soil mois- 
ture conditions were about the same for the two dates. The per- 
centage of stomata open on the irrigated plot on Aug. 1 3 was 20 to 50 
per cent higher than that of the non-irrigated plot — a difference 
due to the difference in soil moisture. The percentage of stomata 
open on the non-irrigated plot on Aug. 13 was, however, strikingly 
higher — about 50 per cent at 10 a. m, — ^than that of the same plot 
on Sept. 22, though the soil moisture was about 3 per cent above the 
wilting percentage in both cases. This difference must, therefore, 
be due to differences of temperature and humidity. These curves 
show that both soil moisture content and weather conditions may 
act at the same time to influence stomatal behavior, and that, even 
though the soil moisture content be near the wilting percentage, 
under conditions unfavorable for high transpiration the tree may 
maintain a fairly high percentage of stomata open. 

On Aug. 31, with over 16 per cent soil moisture on both irrigated 
and non-irrigated plots, the difference in percentage of stomata 
open was slight, 10 to 15 per cent. However, with bright sun and 
rapidly decreasing relative humidity, there was likewise a rapid 
decrease in the percentage of stomata open on both plots. 

The data for Sept. 9 and Sept. 18 show that the percentage of 
stomata open on the irrigated plot increased by 30 to 60 per cent 
when the soil moisture was increased from 5 per cent to 11 per cent 
above the wilting percentage. During this period, there was little 
change in soil moisture on the non-irrigated plot, but the per- 
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centage of stomata open increased about 10 per cent. This indi- 
cates that conditions were more favorable for stomata to remain 
open on Sept. 18 than on Sept. 9 ; but the change in the percentage 
of stomata open was so much greater on the irrigated than on the 



Fig. 2. ^ Percentage of stomata open, temperature, relative humidity, and soil 
moisture on irrigated and non-irrigated Grimes Golden trees on typical 
days. 


non-irrigated plot that it seems safe to conclude that on this soil 
the rate of supply of moisture to the tree was a limiting factor in 
stoai^tal opting while the soil moisture was still S per cent above 

the wiltittg' ^ pettisfihta^*'' , 

The ilifla^Ce of high t^p^ature and low humidity on stomatal 
behavior is illustrated by the curves for percentage of stomata open 
on Sept. 22 on both the irrigated and non-irrigated plots. Though 
the soil moisture content was high on the former and low on the 
latter, the percentage of stomata open steadily , decreased until 
closure was practically complete— at noon on the noh-irrigated and 
at 5 p. m. on the irrigated plot. 
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The influence of soil moisture upon fruit growth was less striking 
than upon stomatal behavior. The crops carried by these trees 
were rather light in relation to leaf area per fruit, and the fruits 
attained large size on both plots. This suggests that, even though 
leaf function may have been reduced on the dry plots, sufficient 
carbohydrates were formed to provide for almost normal growth 
of the fruits. 

Hendrickson and Veihmeyer ( 3) concluded, as a result of their 
work on peaches, that yield and growth of trees are not measurably 
influenced by soil moisture content until it is reduced to about the 
permanent wilting percentage. They state : "'The data in this paper 
lead to the conclusion that no differences in the yield, growth of 
trees, time and relative amount of blossoming, or quality of fruit 
were brought about so long as the soil-moisture content was above 
the permanent wilting percentage.’' 

The data presented here on the behavior of apples under condi- 
tions of varying moisture supply indicate that the relative amount 
of available soil moisture had a measurable, though slight, influence on 
fruit gi’owth and a marked influence on stomatal behavior while 
the soil moisture was several per cent above the wilting percentage. 

It is probable that, had the trees carried a heavy crop, the difference 
in fruit growth would have been more pronounced. We believe 
stomatal behavior to be an index to leaf function, though perhaps 
such a sensitive index, that environmental conditions which notice- 
ably influence stomatal behavior may not show an immediate measur- 
able influence upon growth rate of fruit. 

Literature Cited 

1. Furr, J. R. and Maoxess, J. R. Preliminary report on relation of soil 

moisture to stomatal activity and fruit growth of apples. Proc. Araer. 

Soc. Hort. Sci. 27:212. 1930. 

2. Mackess, j. R, and Furr, J. R. Stomatal activity in apple leaves. Proc. 

Amer. Soc. Hort Sci. 27:207. 1930. 

3. Hendrickson, A. H. and Veihmeyer, F. J. Irrigation experiments with 

peaches in California. Cal. Agr, Exp. Sta. Bui. 479. 19^. 



Light Intensity as a Factor in the Development of Apple 
Color and Size* 

By A. L. Schrader and P. C. Marth, University of Maryland, 
College Park, Md, 

THE natural shading of apples by foliage on the trees has been 
recognized for many years as an important factor contributing to 
poor development of red color. Paradoxically, insufficient amount of 
foliage for a given fruit has loomed as a factor in the poor develop- 
ment of red color of apples, according to recent work of Fletcher (2), 
Haller (3), and Magness (4). Associated with these leaf area rela- 
tions, accumulation of sugars in the fruit is apparently closely related 
to color development. Since leaf function apparently is associated 
with red color, it is probable that natural shading of fruits by foliage 
exerts an influence by the shading effect on the leaves adjacent to the 
fruit, as well as on the fruit itself. The experiments herein described 
consider only the effects when the fruits alone are shaded. 

Quality of light has received most of the attention in recent work 
on red color. The intensity or amount of light, although of great 
practical importance, has been given scant attention. Overholser (6) 
in 1917 used dark cloth bags on apples to exclude light and no red 
color resulted except for light streaking on Williams. He reports 
that bagging with sacks of white material (textile not specified) color 
development was practically normal. 

Materials and Methods 

Young developing apples on 10 to 15-year-old trees of several 
varieties were covered with cloth bags to reduce in varying degree.s 
the amount of light which reached such fruits. Bags about 8 inche.*^ 
square were made of cheese cloth of double thickness, unbleached 
muslin of single thickness, and muslin of double thickness. 
When the bag was placed on the apple, the opening was sewed 
up, and the weight of the bag was supported by a string at- 
tached to the twig. No leaves were enclosed in the bags. Fruits 
were selected on the outer portion of the tree well ex])osed to light 
before bagging, and uniformity of size was sought. Aliout 20 fruits 
on each variety were placed under each type of hag, and a similar 
number of check fruits were selected adjacent to the bagged fruit.s. 
The time of bagging for each variety in 1930 was, Wealthy on July 
1, Summer Rambo and McIntosh on July 6, King David on July 15. 
and Jonathan on Jtjly 20, In 1931, Wealthy, McIntosh and Olden- 
burg were covered June 18, Williams and Summer Rambo on June 

^This study is a phase of a joint project on factors affecting red color of 
apples, carri^ on by the Department of Horticulture. University of Maryland, 
and the Office of Horticultural Crops and Diseases, U. S. Department of Agri- 
culture. 
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28. York Imperial and Northwestern Greening on July 6, and Jona- 
than on July 10. The fruits had little or no color at the time of 
bagging. 

TABLE I — Effect of Cloth Bagging on the Size of Apples 


Variety 

1 1930 j 

1931 

Circumference of Fruit (Cms.) | 

Circumference of Fruit (Cms.) 

Check 

Cheese 

Cloth 

Single 

Muslin 

Double 

Muslin 

Check 

Cheese 

Cloth 

Single 

Muslin 

Double 

Muslin 

]onathan 

20.31 

19.84 

19.57 

19.41 

'23.14 

21.77 

21.88 

21,18 

Wealthy 

21.35 

22.51 

21.99 

18.41 

23.78 

23.38 

23.94 

22.78 

McIntosh 

21.55 

21.01 

21.72 

18.70 

24.40 

24.16 

1 24.42 

22.57 

S, Rambo 

24.61 

23.98 

22.05 

21.81 

25.87 

25.23 

24.64 

23.27 

Kling Da\rid 

18.39 

18.48 

18.00 

— 


— 

— 

— 

York 


— 

— 

— 

24.29 

23.48 

22.85 

22.00 

Oldenburg 


— 

— 

— 

22.08 

22.70 

22.20 

22.60 

Williams E. R . . , 

— 

— 

— 

— 

20.88 

20.31 

20.42 

19.90 

N. W. Greening . . 

’ 

1 

— 

— 

23.78 

22.92 

23.28 

22.21 

Average all varie- 









ties 

21.24 

21.16 

20.66 

19.57 

23.40 

22.99 

22.95 

22.06 


The relative intensity of light which passes through the various 
bags was determined by means of a Weston illumineter in the photom- 
etry laboratories of the Bureau of Standards with the kind assist- 
ance of Drs. J. F. Meyer and R. P. Teele. The relative transmissions 
considering the unscreened light as 100 per cent, were as follows : 


Cheese cloth (double thickness) 80.8 per cent 

Muslin ( single thickness ) 61 .4 per cent 

Muslin ( double thickness) 39.2 per cent 


Since recent work of Magness (5) and Fletcher (2) has indicated 
that the ultra violet region is the effective part of the spectrum in 
apple color development, (although Pearce and Streeter (7) place it 
just above the ultra violet at 3600 to 4500 A.), it is apparent that the 
amount of ultra violet light transmitted by the above fabrics would be 
important in this study. 

Accordingto Dr. W. W. Coblentz (conversation December 1931) 
of the Bureau of Standards, who has worked on transmission of ultra 
violet rays through various fabrics (l)y the cheese cloth would have 
practically no selective action on the relative amount of ultra violet 
light transmitted. Muslin would have some selective action, probably 
reducing the transmission of ultra violet light to the extent of ten 
per cent. 

Results 

Marked effects from reduced light intensity on the development 
of red color were secured in both seasons and some reduction in size 
of fruit also was noted. 

As shown i n Table I and Plate I, apples under double muslin de- 
veloped very little color. Some color was produced under single 
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muslin and still more under double cheese cloth, but even the shading 
by cheese cloth reduced color by an average of 40 per cent in 1930 
and 60 per cent in 1931 as compared with unshaded fruit. It is ap- 
parent that relatively slight shading of the fruit has a marked effect 
on color development. In both years, the results were similar. 

TABLE II — Effect of Cloth Bagging on the Color of Apples 


Variety 

1930 

1931 

Per cent Red Color per Apple 

Per cent Red Color per Apple 

Check 

Cheese 

Cloth 

Single 

Muslin 

Double 

Muslin 

Check 

Cheese 

Cloth 

Single 

Muslin 

Double 

Muslin 

Jonathan 

83.65 

(18) 

52.14 

(13) 

20.80 
(18 ) 

0.00 

(15) 

90.62 

(20) 

48.18 

(20) 

7.31 

(20) 

0.00 

(20) 

Wealthy 

68.84 

(19) 

50.35 

(18) 

26.04 

(19) 

3.04 

(18) 

80.50 

(10) 

24.00 

(10) 

0.00 

(10) 

0.00 

(10) 

McIntosh 

54.75 

(20) 

24.60 

(20) 

6.60 

(20) 


44.15 

(15) 

13.88 

(10) 

5.2 

(10) 

' 0.00 
(10) 

S. Rambo 

.30.00 

(15) 

0.01 

(16) 

0.0 

(15) 



0.0 

(18) 

0.0 

(18) 

0.0 

(19) 

King David 



28.13 

(21) 






York 

— 

i 

— 



65.95 

(21) 


3.1 

(21) 

0.0 

(22) 

Oldenburg 

— 


1 

— 

46.00 

(16) 

15.00 

(10) 

1.00 

1 (9) 

0.00 

(8) 

Williams 



— 

— 


21.60 

(22) 


1.65 

(21) 

N. W. Greening - , 



— 





0.00 

(17) 


Averse of all 
varieties 

63.86 

36.78 

X6.31 

0.60 

49.63 

20.14 

2.71 

0.19 


Note: Fi^rmes in parenthesis represent the number of apples bagged in each case. 


Usually more color developed under the bags in 1930 than in 1931, 
which might be associated with low soil moisture in the 1930 season. 

Varieties differed in response to the shade imposed. Early varieties 
as Wealthy, McIntosh, Williams, and Summer Rambo, as a whole, 
were affected more adversely than later varieties, Some varieties were 
more si^isitive to slight shading by clieese cloth than others. Summer 
Ramtxii^ normally, was very intolerant of 

shade. ’'y' 

V in size were apparent on some varieties when the fruit 

was harvested in 1930, so that circumference measurements were 
made, as shown in Table II, presented as averages per fruit. Also in 
a rough way, by selection of fruits for photographing, the size differ- 
ences in Table I are portrayed in Plate I. The averages in Table I 














Plate I. Effect of varying light intensity on red color development of apples. 

Series 1. After development under normal light conditions. 

Series II. After development under double cheese-cloth bags, transmitting 80.8 per cent of normal 
light. 

Series III. After development under single muslin bags, transmitting 61.4 per cent of normal light. 
Series l\\ After development under double muslin bags, transmitting 39.2 per cent of normal light. 
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show a definite and consistent decrease in size of fruit resulting from 
the shading w’ith double muslin, the amount of decrease in some cases 
being as great as 15 per cent. There also is a tendency with some 
varieties to be affected in size by the lesser shading with cheese cloth 
and single muslin. 

The effect of shading on size of fruit in these experiments is pos- 
sibly due to lessened photosynthetic activity of the chlorophyll in the 
apple itself since the subtending leaves were not shaded. Investiga- 
tions have shown lessened photosynthesis as well as lessened 
chlorophyll content in plants under reduced light intensity. Little or 
no visible evidences of lessened chlorophyll were observed in the case 
of the bagged fruits. 

There is a possibility that temperature differences which probably 
occurred between bagged fruits and unbagged fruits had some effect 
on size as well as color. No temperature measurements were made. 

Conclusions 

Development of red color of apples may be decreased to a marked 
degree by relatively slight shading of the fruit. The amount of light as 
a factor in red color development of apples thus assumes greater im- 
portance and emphasizes the need of pruning of trees and thinning 
of fruits as practical means of admitting more light to fruits. When 
old bearing trees are invigorated by nitrogen fertilization with the 
consequence of many inside branches brought into bearing and 
greater foliage on the tree, the lessened amount of light to such inside 
fruits, apparently is a limiting factor on color and size. 
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Little-Leaf or Rosette in Fruit Trees 

By W. H. Chandler, D. R. Hoagland, and P. L. Hiij]!aki), 
University of California, Berkeley, Calif. 

'J’HIS disease seems almost certainly to be caused by a condition in 
the soil rather than by a parasite. The symptom that seems to 
identify it with most certainty is the o|3ening in spring of tufts or 
rosettes of leaves that are very small, rarely as much as 5 per cent of 
the normal area for the variety. In Fig. 1 are shown the spring 
little-leaf tufts on a Japanese plum tree and a normal healthy shoot 
such as may grow later in the season from below a little-leaf tuft. 
On trees more badly affected such shoots may start with health}’ 
leaves, but as the season advances the leave.s may be. continuously 
smaller "with yellow mottling. Thus badly affected trees look worst 
in early spring when they have only the abnormally small, usually 
mottled, leaves; best in early summer when shoots may bear green, 
normal leaves ; and bad again when the later leaves on these shoots 
are small, distorted, and mottled with yellow. In some orchards the 
first symptoms may be this mottling in late summer, the little-leaf 
effect appearing the next spring. 

In very many orchards the trees make normal or exceptionally 
strong growth during the first few years, showing mottling in late 
summer of the third or fourth year. It is probably the same disease 
as that described as Apple Rosette (2) in W'ashington and elsewhere 
(3). However, since all the stone fruits, the walnuts, citrus fruits, 
grapes, and many other kinds of plants, are susceptil)le to it, and 
since there is another disease of the peach known as Rosette, the term 
Little-leaf, long used in California (1,4) seems better. Trees grow- 
ing in deep, well drained, sandy or gravelly soils having very little 
clay are most likely to be affected, though it may affect trees growing 
in soils having enough clav to make excellent sandy or gravelly loam.s. 
In some soils, trees that receive less water at each irrigation than the 
others in the orchard show less of the disease. Yet it ivS bad in some 
orchards that are not irrigated. 

In Washington, with apples, continuous growing of alfalfa in the 
orchard nearly always corrects the trouble, though if the alfalfa is 
ploughed up and not replanted it appears again within a]>oiit three 
years. In California there is less expei'ience wdth alfalfa, but a fair 
number of peach, apricot, and plum orchards have l)een observed 
in which, after about three years in a good stand of alfalfa, affected 
trees gr^u^lly became healthy^ whether the alfalfa is left on the 
ground or removed for hay. However, in a few of the orchards ob- 
served the trouble devdoj^d so rapidly that sowing alfalfa after the 
.symptoms became striking did not correct the trees, or even ])revent 
their dying. In California, soils in which trees show little-leaf have 
a reaction between pH 6.8 and pH 8. When the reaction is above 
pH 8, the trees seem less apt to show little-leaf symptoms. 
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In one section where the soil is rather acid, pH, 5' to pH 6, apple 
trees show symptoms that seem identical with little-leaf in other 
parts of California and in Washington; but during the past tew 
years all trees have improved, checks as well as treated trees, so that 
it has not lieen possible to learn whether or not these trees will 
respond to the same treatments that correct little-leaf trees in other 
sections. 

Experimental Treatments 

In January 192S extensive treatments were begun in several sec- 
tions of California where little-leaf was causing very great losses. 
Among the substances tried was ferrous sulphate, used in amounts of 
3 to 30 pounds to the tree. In the spring after the treatment, little- 
leaf symptoms apj^eared as on untreated trees ; but on tree.s had enough 
for early summer leaves on the shoots to be mottled with yellow, the 
leaves formed after the middle of May or the first of June, to 3 
months after growth started, were normal if 20 to 30 pounds, of fer- 
rous sulphate had been used. M'hen this effect was observed, other 
plats in these sections and plats in other sections wxre treated, some 
in June, some on July 2, 1928, trees being used for treatment and 
checks that, in addition to the spring little-leaf, showed rather small, 
distorted, mottled leaves along the shoots. Four to five weeks after 
this ferrous sulphate w^as leached into the soil, trees that were still 
growing showed green, normal leaves at the apex of the shoots^ 
provided enough ferrous sulphate had been used. 

A scientific explanation of these results that would enable one to 
predict the response of trees in different soil types was not found, 
and so it was thought best to make trials extensive enough to deter- 
mine whether in all soils trees showing these symptoms would be 
corrected by this treatment. Accordingly plats of trees showing 
little-leaf w^'ere located in 10 counties, 26 localities. More than 2,000 
tree.s were treated and 56 tons of ferrous sulphate were used. In all 
cases trees equally bad were left as checks to show whether or not 
there was any tendency for trees in any of the orchards to recover 
without being treated. Apple, pear, peach, ])lum, cherry, and walnut 
trees and grape vines were treated. In seven counties of the San 
Joaquin valley, along the 250 miles from Lodi to south of Bakers- 
field, ferrous sulphate made at a local plant from scriip iron contain- 
ing a considerable amount of zinc always corrected the trouble if 
enough was used ; but it someri’mes required as much as 125 pounds 
to the tree. In sandy soils containing very little clay and very little 
carbonates, 15 to 20 pounds would make a tree nearly normal, though 
30 to 40 pounds would usually make it .still better, especially if it was 
so bad that nearly all the shoots in the top were deacl. The more clay 
and the more carbonate there was in a soil, the more f errous sulphate 
it required to correct a tree. Ferrous sulphate forced deep into the 
soil through a pipe attached to a s]iray niachine was 
effective in correcting little-leaf as the same ambtthL^pread on the 
surface of the soil and leached in. 
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At first the material was spread over all the soil area occupied 
by a tree, but later it was found that, for peach and plum trees at 
least, spreading it in a radius of 3 to 4 feet from the trunk gave 
as good results, or better. 

A treatment in winter does not prevent the little-leaf effect in the 
spring following; but if the shoots bear abnormal, mottled leaves, 
green healthy leaves will appear by June after the treatment. If 
the little-leaf is not bad enough for the summer shoots to bear ab- 
normal leaves, the benefit is not seen until the second spring after 
the treatment. A treatment during the growing season does not 
prevent the little-leaf effect in the following spring unless many 
of the shoots on the tree continue growing more than a month after 
the treatment. 

The effect of a treatment is not permanent. Often during the 
third summer following a treatment the symptoms reapppear, 
though usually much less material is required to correct the trees 
a second time. Until the third summer the effectiveness of the 
treatment is very striking. Trees so badly injured that they bore 
no healthy leaves and no fruit except culls have been made to 
yield as much as 15 tons of marketable fruit to the acre. 

Ferrous sulphate is highly acid and most of the soils in which 
these improvements resulted are at least slightly alkaline. It was 
thought possible that the benefits of the treatments might be due 
to a reduction in alkalinity or in the amount of sodium obtained by 
the tree. In fact, when the experiments began, trees were treated 
with as much as 20 pounds of sulphur each and others with as much 
as 100 pounds of calcium sulphate. Later, trees were treated with 
sulphuric acid, hydrochloric acid, and alum, each treatment supply- 
ing as much acid as would be supplied by the amount of ferrous 
sulphate necessary to correct the trees, or more. The soil was 
eventually made most acid by the sulphur treatments. None of 
these treatments caused any improvement in the trees except that 
at one place where there was a considerable amount of carbonate, 
sulphur applied with the ferrous sulphate seemed to reduce the 
amount of ferrous sulphate necessary to correct the trees. 

It was thought possible that the ferrous sulphate might correct 
the trouble by precipitating injurious sulphides and that for such 
an action copper sulphate should be even more effective. Copper 
sulphate, 20 to 50 pounds, was applied to trees that would be cor- 
rected by 30 pounds of ferrous sulphate. There was no appearance 
of benefit, although even the largest amounts did not seem to cause 
injury(.'\ Ateo in controlled experiments carried on for two seasons, 
regular large amounts of saturated 

hydrogen sulphide water f to produce injury to young peach 
trees. 

The ferrous sulphate was analyzed and was found to contain 
nearly 1 per cent of zinc. It seemed possible that this might be the 
source of benefit. Accordingly, 40 pounds of cheii^i«?s|tlly pure fer- 
rous suulphate were applied to one tree and 35 pounds to another, 



Plate 1. Little-leaf tufts on Prunus salicitta, and healthy 
shoot such as may grow from just below Little-leaf 
branchlets. 
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either of which would certainly have been corrected by these 
amounts of the impure ferrous sulphate containing zinc ; and 6 % 
pounds of zinc sulphate were applied to each of three such trees in 
the autumn of 1930. The chemically pure ferrous sulphate has 
not corrected the trees and there is not conclusive evidence of anv 
benefit at all. One of the trees treated with zinc sulphate died, 
apparently in part from the effect of nematodes. The other two, 
although they were very severely affected with little-leaf when 
treated, are now completely free of the trouble and in a vigorous 
condition. 

By accident, in 1930 a considerable amount of ferrous sulphate 
was used that came from Belgium and contained much less zinc 
than that used before. It proved to be very much less effective, 
40 to 70 pounds failing to correct trees that would be corrected by 
30 to 40 pounds of that containing more zinc. These facts make it 
seetn probable that nearly all if not all the beneficial effect of the 
impure ferrous sulphate was due to the zinc sulphate contained. 
Consequently, experiments with zinc sulphate as extensive as those 
with ferrous sulphate are being started. Apparently the plant re- 
quires a small amount of zinc in a culture medium. However, a 
mixture supplying nearly as much zinc as the ferrous sulphate sup- 
plied failed to benefit the trees. Possibly the ferrous sulphate may 
reduce the amount of zinc sulphate necessary to correct a tree. 

It seems most probable that the zinc sulphate acts by breaking 
up or precipitating some injurious and unknown chemical either in 
the soil or after absorption by the tree, or else by inhibiting the 
growth of micro-organisms capable of producing toxic compounds. 
A preliminary suggestion has been obtained that the successful 
treatments have modified the character of the soil flora. Trees are 
being injected with zinc sulphate, however, and are to be sprayed 
with a zinc Bordeaux when in foliage, to see if the little-leaf may 
be a mere deficiency of zinc. Injections with ferrous sulphate or 
other iron compounds have not been effective, but they would 
probably not contain enough zinc. 

The impure ferrous sulphate, of course, contained small quantities 
of many other substances that could possibly have caused the benefit, 
but a mixture containing cobalt) bromine, ipdinfe, chromium, stron- 
tium, barium, tin, nickel, bqrph, $nd lead, in quantities larger than 
would probably be contained ;ih the ferrous sulphate neither cor- 
rected little-leaf in trees already affected nor prevented healthy 
trees from becoming affected, We have seen, that copper would 
not correct the trouble, though there is another disease of trees 
that is corrected by copper. Three pounds to the tree of manganese 
sulphate caused no improvement. However, to avoid any uncer- 
tainty as to whether or not the improvement caused by the tech- 
nical grade of zinc sulphate may be due to some impurity, a num- 
ber of trees ate being treated with chemically pure zinc sulphate. 
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Relation of Little-Leaf to Fertilizers 

At first it was thought that the trouble might be due to a deficiency 
of some of the better known essential elements. It was soon learned, 
however, that adding large quantities of nitrogen as ammonium sul- 
phate, calcium nitrate, dried blood, or manure, would not cause im- 
provement in affected trees or prevent healthy trees from becoming 
affected. In fact, abundant nitrogen in the soil usually increases 
the severity of little-leaf. 

Nearly all the soils in which the studies were made were rich 
enough in phosphorus to grow excellent alfalfa without application 
of that element, and 15 pounds of superphosphate to the tree did 
not cause improvement in affected trees or prevent trees that had 
been corrected with ferrous sulphate from becoming affected again. 

The symptoms of little-leaf are not at all like those of potassium 
deficiency, but bark on the roots of trees badl}- injured hy little-leaf 
may contain no more than 10 per cent of the normal potassium con- 
tent. It seems probable that this is due to an injury to the bark that 
j:>ermits leaching out of potassium; for the potassium content of the 
root bark can be brought back to normal by correcting the little-leaf 
with ferrous sulphate, and without applying any jxitassium. Fur- 
ther, applying 10 pounds of potassium sulphate annually to trees 
only slightly affected with little-leaf did not prevent them from be- 
coming badly affected and applying as much as 7 ])ounds each of 
potassium sulphate in one year and 50 pounds each in the next to 
moderately affected trees did not improve them. 

Eight to one hundred pounds of calcium sulphate each, applied to 
trees badly affected with little-leaf, did not improve them; neither 
did 4 to 60 pounds of magnesium sulphate. 

This work could not have been done so extensively without the 
aid very generously given by the following county agricultural agents 
or assistant agents : J. P. Benson, H. P. Everett, E. L. fiarthwaite, 
W. E. GtIfiUan, N. D, Hudson, J. C. Johnston, A. A. lungerman, 

H. R, Keller, M. H. Kimball, 1. W. Lilley, R. D. McCalliun, O. V. 
Patton, J. L. Quail, E. F. Serr, Enoch Torpen, and Paul Williamson. 
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A Starch-Splitting Enzyme in Apple Tissues 

By C. P. Harley, D. F. Fisher, and M. P. Masure, 

U, S, Department of Agriculture, Washington, D, C. 

'J'HE mechanism associated with the synthesis, storage, and subse- 
quent hydrolysis of starch is usually conceded to be the enzyme, 
or group of enzymes, known as amylase or commonly called diastase. 

Diastase is apparently one of the most widespread as well as most 
abundant enzymes of plants and is considered to exist in practically 
all living green parenchymatous tissues and in many storage organs. 
In spite of its wide distribution, however, it is sometimes extremely 
difficult to demonstrate its occurrence in certain plant structures, al- 
though the products of its action may be clearly evident. 

The economic value of many fruits and vegetables depends largely 
upon the familiar starch-to-sugar reaction, and the researches which 
have been conducted in recent years have contributed much to the 
successful commercial handling and storage of these products. In 
apple fruits, starch synthesis and hydrolysis are generally recognized 
as important chemical processes occurring throughout the develop- 
ment of the apples on the tree, and later, during the period of storage. 

Recently the starch conversion reaction in apples has received 
further consideration in the light of accumulating evidence per- 
taining to factors responsible for the initiation of certain functional 
or physiological disorders, occurring both on the tree and in storage. 

In a paper given before this society last year by Fisher, Harley, 
and Brooks (2), a summary of results obtained from several years’ 
investigations on the bio-chemical changes associated with the pro- 
duction of water-core in apples was presented. From this work it 
was concluded that water-core is a result of non-uniform starch 
conversion induced by comparatively high atmospheric tempera- 
tures, Higher soluble sugar concentrations resulting from this 
hydrolysis apparently set up abnormal osmotic relationships in 
localized tissues, resulting in the establishment of an increased 
turgor pressure in the affected cells. Apples directly exposed to 
the sun’s rays, have been observed to reach temperatures of 45 to 
55 degrees C. during the months of July and August at Wenatchee, 
Wash. Since the optimum tem^ra;tures for many plant diastases 
lie within this range, it seemed reasonable to suppose that a starch- 
splitting enzyme was responsible for this hydrolysis and could be 
found in apple tissues, although no report, where its presence has 
been demonstrated, has come to the attention of the writers. 

Thatcher (5) in his study of enzymes in apples, concluded that 
apple juice contained no diastases. With the methods employed he 
was unable to detect a starch-hydrolyzing enzyme in the fruit 
after starch had disappeare^d. 

Came, Pittman and Elliott (1), in their report of studies in 
Australia on bitter-pit, cork, and water-core of apples, conclude 
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that these diseases are intimately related and are fundamentally 
caused by osmotic contrasts resulting from localized starch hy- 
drolysis. However, no reference is made to the agent directly in- 
volved in this hydrolysis. 

In the present work, the desirability of proAnng the existence 
of diastase in apple tissue was two-fold: first, because of its im- 
mediate relation to the problem- at hand, namely, water-core, and 
secondly, because the results obtained might be applicable to the 
study of other plant tissues in which the occurrence of diastase is 
difficult to verify. 

Experimental 

Analogous to the results of Thatcher (5), it was found that the 
juice expressed from the pulp of apples in various degrees of ma- 
turity, seemed to show an absolute inability to digest starch paste 
as determined by the color reaction with iodine, or by measuring 
the reducing substances produced. Several methods, involving the 
treatment of apple tissue with alcohol, acetone, and ether were like- 
wise employed, but without success. These negative results held 
constant throughout a long series of experiments and method modi- 
fications, the details of which would be too great in length to dis- 
cuss at this time. 

During the course of these experiments, however, it was dis- 
cavered that when the apple seeds, which contain a very active 
diastase, were macerated with the pulp, the resulting extract or 
juice still reacted negatively in its action on starch paste. ’ This 
seemed to indicate that some substance present in the pulp juice 
was retarding the action of the seed enzyme. Furthermore, when 
a few drops of apple juice were added to such powerful starch- 
splitting enzymes as contained in saliva and malt diastase, their 
action was greatly retarded or completely paralyzed. It was there- 
fore evident, that there is contained in the press juice of apples an 
effective diastase inhibitor, which, when brought into contact with 
the enzyme, destroys its ability to act on starch paste. 

Further investigations revealed that the substance or group of 
substances responsible for this inhibiting power was soluble in 
water and alcohol and was acid in reaction, for if the juice was 
titrated with alkalies or buffered to pH 6.00-^.80 the inhibiting ef- 
fect on saliva and malt was removed. However, tests conducted 
with neutralized or buffered juice on starch paste still remained 
negative, as did also a water extract of apple tissue previously ex- 
Attempts to separate diastase from the in- 
hiWtmg w:ere likewise unsuccessful. 

Examination of the results secured in these experiments seemed 
to signify that if diastase is present in apple cells, it must either 
be in the form of zymog^, or iti^ activity regulated by the proto- 
plasm on the basis of the inactivation of the enzyme by the in- 
hibitor, as suggested by Harvey ( 3) v Attempts to convert the 
zymogen to active enzyme by the addition of various organic and 
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inorg’anic acids, bases, and salts, to extracts of apple tissue, were 
met at all times with failure. The hypothesis ascribing the activity 
of enzymes to regulation by the protoplasm, was considered too 
vague to have a practical working application. 

The possibility of the enzyme and inhibitor existing in separate 
cells was also considered, but this was subsequently set aside, for, 
microscopic examination indicated that every cell in immature 
apples contained starch grains, and, since there is finally a complete 
disappearance of starch after maturity it would necessarily follow 
that the enzyme should also be present in every cell. 

Apparently one hypothesis remains to account for the difficulties 
encountered in demonstrating an active diastase in apple tissues. 
According to Hofmeister (4) the enzyme, and the substrate con- 
taining the inhibitor, may be confined in different phases of the cell 
system, possibly separated from each other by protoplasmic layers 
or films. 

With this theory as a basis, a series of experiments was under- 
taken to devise a technique whereby the diastase and inhibitor 
might be removed from the cell in such a state that the inhibitor 
would not come into contact with the enzyme in a form detrimental 
to its activity. The procedure involved neutralizing the inhibitor 
and precipitating the enzyme simultaneously with the mixing of 
the cell contents. This was performed by maceration of the tissue 
under strong alcohol which was adjusted to maintain a neutral or 
slightly acid reaction, by the addition of buffering salts. The re- 
sultant mixture was then filtered, the filtrate containing, among 
other things, the neutralized inhibitor and alcohol soluble sugars ; 
the precipitated enzymes remaining with the residue. 

Water extracts- of the dried residue were found to possess the 
power to hydrolyze dilute starch paste as determined by the color 
reaction with iodine, or as measured by the amount of reducing 
substances produced. Further refinements of the method led to a 
product of greater activity, and with the procedure now employed 
an active starch splitting enzyme may be obtained. 

The detailed steps involved are as follow-s : Apples are peeled 
and the seeds and core tissues removed. After weighmg, the tissue 
is grated, by means of a common fine-toothed household vegetable 
grater, under a large volume of redistilled 95 per cent ethyl alco- 
hol, saturated with sodium aieefete: In this work the concentra- 
tion of alcohol was maintained at a minimum of 80 per cent, con- 
sequently quite large volumes of alcohol were required, because of 
dilution by the apple juice. In earlier experiments sodium bicar- 
bonate was selected as the neutralizing agent, butj the: use of this 
material was abandoned due to difficulties encountered in main- 
taining uniform hydrogen-ion concentrations. Phosphate salts 
seemed impractical because of their insolubilities in alcohol. So- 
dium acetate appears to be a very satisfactory buffering salt, as a 
rather uniform hydtogen-ion concentration can be maintairied if 
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the alcohol is kept fully saturated during the' macerating or grating 
process. 

After the tissue is grated the mixture is liltered through paper 
with suction, on a large Buchner funnel. Following successive 
washings with pure 95 per cent alcohol, acetone, and ether, the 
residue is dried in a current of air at laboratory temperatures and 
under slightly reduced pressure. The resulting dry tissue is then 
ground to a fine powder in a mortar, extracted a second time with 
alcohol saturated with sodium acetate, filtered, washed again with 
alcohol, acetone, and ether, and dried as before. 

Water extracts of this powdered tissue were found to contain 
an active starch-splitting enzyme, particularly when the substrate 
was buffered to the optimum pH for apple diastase. 

By weighing out definite quantities of the apple powder prepared 
as described and determining its diastatic activity on the basis of 
fresh weight of the tissue, it was found that 10 grams of fresh 
tissue contained diastase capable of converting from 12 to 21 mg. 
of starch at 50 degree C., as measured by calculating' the free re- 
ducing substances produced in terms of dextrose. The digesting 
mixtures were protected from contamination by the addition of 
toluol. 

The varieties of apples which were studied and which yielded 
an active enzyme were Winter Banana, Winesap, Stay man Wine- 
sap, and Delicious. Active diastase was found in apples of prac- 
tically all .stages of maturity, ranging from quite small imma- 
ture fruits from the tree, to apples which no longer contained 
starch grains and which were well beyond the stage of eating ma- 
turity. 

Studies thus far indicate that the optimum acidity for diastatic 
activity of mature Delicious apples, as determined by the starch- 
iodine reaction, is approximately pH 5.9, at laboratory tempera- 
tures, for a period of 3 hours. For periods of 2 to 37 hours at 50 
degrees C. the optimum range was pH 6.1 to 6.6. As determined 
by saccharification, the optimum pH at 50 degrees C. for 48 hours 
covered a range of 5.8 to 6.5. Tn these tests a solution of com- 
mercially prepared soluble potato starch was used as the substrate, 
and sodium acetate and acetic acid as the buffer reagents. 

An interesting point in connection with the study of a])ple 
diastase, is in comparing the optimum pH at which the enzyme is 
active, with the acidity of freshly expressed apple juice. In one 
lot of rather immature Delicious apples the acidity of the juice was 
found to be about pH 3.8. and in commercially mature fruits about 
pH 4.0. Apple juice having a pH of 3.8 to 4.0 was unable to hy- 
drolyze starch paste, paste buffered to pH 3.8 to 

4.0 was found to be feebly acted upon by the prepared enzyme of 
Delicious, apples. This apparently indicates that the hydrogen-ion 
concentration alone does not entirely account for the inhibiting 
aCtibn of apple juice on diastase, but that in addition certain com- 
|>ounds> malic acid, etc., may act as specific in- 
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hibitors of the enzyme. These results also seem to lend further 
evidence to the hypothesis that the enzyme exists in a separate phase 
or compartment from the constituents of the cell which are re- 
sponsible for inhibiting its action. 

The application of this method for accurate quantitative measure- 
ments of diastatic activity in apples is not emphasized at this time. 
However, it is believed that with some refinements, this method 
should give satisfactory comparative results. 
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Comparative Temperatures of xlppies 

By Arthur Meyer, University of Missouri, Columbia, Mo. 

'Y'ARIETIES of apples vary in their susceptibility to sun-scald dur 
ing the hot days of late summer. Is that difference due to varia 
tion in the absorption of heat, and in turn, is the latter correlated wit! 
the color of the fruit? 

According to Gortner (2), “one suggestion as to a possible func- 
tion is that they (anthocyanins) may serve to screen out the injuriouj 
short wave lengths of light The pigments also act as an ab- 

sorber of heat rays. Leaves colored with anthocyanins may be as mucl 
as 2 degrees C. warmer than other leaves on the same plant whicl 
contain only the green pigments and which have the same light ex- 
posure.” 


TABLE I-~- Highest Temperatures of Apples ok 3 Days in 1031 


I ’arieties 

Listed in Order of Color Intensity 

Temperature (Centigrade) 

Aug. 28 : 

Sept. .“) 

Sept. 10 

Ave. 

Average air temperattire during test 

27.ar> 

34.04 j 

34,37 


Red June 

33.50 

41.73 

40.10 


37.611 

36.99 

King David 

32.00 

38.82 

Tonathan 

32.80 

40.90 

40.21 

37.97 

Winesap 

32.00 

39.64 

40.44 

37.36 

Ben Davis 

29.80 

38.38 

39.26 

35.86 

Delicious 

29.92 

40.69 

39,72 

36.77 

Rome 

32.20 

40.52 

38,74 

37.15 

Grimes 

30.00 

39.72 

39.74 

36,69 

Golden Delicious 

Golden Winesap 

30.40 

39.36 

40.05 

40.23 

40.18 

36.66 

40.11“ 

Average 

31.47 

40.02 

39.70 

37.31 

Difference : Fruit temp, less air temj) 

4.12 

5.38 

5,33 i 



iLow. being based on first two determinations, 
®High» being based on last two determinations. 


The writer has verified Gortner’s latter statement. The red por- 
tion of a Coleus leaf was 1 .6 degrees C. higher than the green portion 
of the same leaf. This fact .suggested that the more intense the red 
color of an apple, the higher the temperature would be. With that 
ih mind. the following experiment was performed; 

Apples of 10 varieties were picked from the trees, and placed on 
i-iiich niesh poultry wire about 15 inches above blue grass sod. The 
apples were kept in an escposed ptsition, the sunlight striking the 
most highly colored side of each fruit during the heat of the day. The 
lternperai(ire was determined by placing a thermo-couple on the sur- 
, fam pf the apple exposed to the sun's rays. An aj^aratus described 
by mifler (3) 
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The accompanying table shows the temperatures of the varieties 
studied. The difference between air temperature and temperature of 
the fruits was not as high as stated by Brooks and Fisher (1), but 
it was appreciable. 

The averages for the 3 days show that there was a general decline 
of temperature with a decrease of red color, but it can hardly be 
considered significant, especially in view of the fact that Ben Davis 
had the lowest temperature, and the Grimes and Golden Delicious 
were of about the same temperature as varieties carrying visible 
anthocyanins. 

However, the varieties devoid of red coloring matter, especially the 
Golden Winesap, showed the most injury from the sun’s rays, and 
some of the red fruits were exposed to the sun for 3 days without 
visible harm. 

This indicates that apples under the same exposure have about 
the same temperatures, but that the anthocyanins exert a protective 
influence. 
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Cold Storage Tests with McIntosh Under Forced 
Air Circulation 

B> E. J. Rasmussen, University of Nczv Hampshire^ Durham, N, H . 

^ HE advent of the blower and the concentration of the brine pipes 
into a small space in cold storage rooms has led to the question of 
the value of this type of refrigeration unit. 

In 1929 the University of New Hampshire installed a cold storage 
plant which included cold storage rooms in which refrigeration is 
obtained by the old system where the brine pipes are placed along the 
walls, and by the new system where the brine pipes are concentrated 
in a metal case and the air circulated by means of a large motor driven 
fan. The air is drawn in at the bottom of the metal case up through 
the coils and discharged near the ceiling. The latter will be referred 
to as the blower type of refrigeration and the former as the coil type 
in this paper. The blower type room is 11,5 x 15 feet and the coil 
type room is 9 x 11.5 feet. 

Storage tests were made in 1929-30 and 1930-31 on McIntosh 
apples stored under the different types of cold storage at a tempera- 
ture of 31 to 32 degrees F. Firmness of the flesh, acidity, ground 
color, and breakdown were used as indications of the condition of the 
fruit. The firmness of the flesh was determined with a Magness 
pressure tester, the acidity in 1929-30 on the expressed juice and in 
1930-31 on the apple flesh. N/10 NaOH was used for titrating with 
phenolphthalein as an indicator, and the acidity figure as 2/3 malic 
acid and 1/3 citric acid. The ground color was determined by com- 
parison with the colcTr chart in U. S. D. A. Bulletin 1448. Thirty 
apples were used in a sample. 

In 1929-30 boxes of pre-cooled fruit were taken at random from 
the conveyor after they had been packed and placed in the different 
storages. In 1930-31 the fruit for storage experiments was picked 
from five trees, and the sample lots, consisting of 30 apples each, were 
made uniformly representative by selecting fruits from different parts 
of all the trees. 


Results of Tests 

There was no significant difference in the firmness or acidity of the 
fruit stored in the blower or coil rooms. Fig. 1 shows the results of 
these tests for the season 1930-31. In 1929-30 the results were simi- 
lar except that the pressure tests were to 1 pound higher through- 
out the season. No differences were observed in the ground color. 

The percentages of brown-core, breakdown, and decay, are shown 
in Table I. Brown core as described in Cornell Extension Bulletin 
189, occurred first on May 20 in both lots in 1929-30, but it was 
considerably more serious in the fruit stored in the coil room. It did 
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not occur in a form which would decrease the commercial value of 
the fruit in either storage before June, however. Breakdown oc- 
curred first in the coil type storage August 21 in 1930. 


TABLE I— Percentage Brown Core, Breakdown, and Decay, in McIntosh 
Stored at 32 Degrees in Coil and in Blower Type of Storages 


Date 


Mar. 21. 
Apr. 30 . 
May 20 . 
June 11 . 
July 2.. 
July 24. 
Aug. 21 . 
Sept. 12. 


Blower Room 1929-30 


Brown 

Core 

Slight 

Brown 

Core 

Severe 

Break- 

down 

Decay Dtie 
to Mechani- 
cal Injury 

— 

— 

— 

6.6 

13.3 





10.0 

53.3 

— 

— 

— 

56.6 

— 

— 

— 

90.0 

— 

— 

10.0 

90.0 

3.3 

— 

6.6 

— 

90.0 

— 

— 


Coil Room 1929-30 


Brown 

Core 

Slight 

Brown 

Core 

Severe 

Break- 

down 

Decay Due 
to Mechani- 
cal Injury 

40.0 

— 

— 

13.3 

76.6 

3.3 

— 

3.3 

70.0 

6.6 

— 

3.3 

86.6 

— 

— 

— 

70.0 

23.3 

6.6 

13.3 

— 

93.3 

3.3 

— 


Coil Room 1930-31 


Blower Room 1930-31 


Th'cK 91 



3.3 


Mai* 11 

56.6 

40.0 


10.0 

Mar. 30 

— 

— 

May 18 

33.3 

40.0 

3.3 

— 

June 26 

33.3 

36.6 

16.6 

6.6 

Aug. 22 

20.0 

13.3 

33.3 

13.3 


23.3 

46.6 
50.0 

66.6 
57.6 


3.3 


46.6 

23.3 

38.4 


3.3 

3.3 

19,2 


10.0 


6.6 


In 1930-31 brown core occurred somewhat earlier in both storages 
than in 1929-30. March 11 the fruit in th^ coil room showed nearly 
times as much as that in the blower room, and was considered 
serious before June 1st. Some breakdown also occurred in both lots 
May 18, but not of commercial significance. 



Fig. 1. Pressure tests and acidity of McIntosh apples stored in coil 
type and blower type cold storages 1930-1931. 

The difference in the maximum and minimum air temperatures in 
the coil room is 5 degrees F., and the fluctuation at any one point is 3 
degrees F. If we consider the optimum temperature for storing 
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apples is 30 to 32 degrees F. and the storage adjusted to these tem- 
peratures then the fruit in the colder part of the room will freeze, 
while if the temperature is adjusted so the minimum is 30 to 32 de- 
grees then the fruit near the ceiling will be 4 to 5 degrees above the 
optimum. The fruit in the coil room on which the tests were made 
was stored in a part of the room which was nearest to 30 to 32 de- 
grees F. The fluctuation of 3 degrees F. in the air temperature at any 
one point is not great enough to cause a change in temperature in the 
center of a packed box of apples. Where the air temperature re- 
corded is 30 to 33 degrees the temperature in the center of the box 
of apples is near the maximum temperature of the air. 



Fig, 2. Rate of cooling of fruit and air in blower type and coil 
type of cold storages when filled with warm fruit direct 
from orchard. 


The difference in maximum and minimum air temperature in the 
blower room is 3 degrees F., and the fluctuation at one point is about 
2 degrees F. The temperature within the center of a box of apples 
is about the maximum of the air temperature at that point. With 
these small variations in temperature it is not difficult to keep all the 
fruit in the storage at or near the temperature desired. 

The comparison of the temperatures in the center of a box of apples 
and the air in the storage was obtained with a combination distance 
soil and air thermograph. 'The gas bulb at the end of the capillary 
tubing was placed in the center of a ]:)ox of apples with apples in 
direct contact with it. The recorded temperature was considered the 
temperature of the fruit. 

When a large quantity of fruit is to be cooled quickly and the 
storage room is limited the blower type of refrigeration is much more 
efficient than the old coil type. Fig, 2 shows the rate of coolipg of 
the fruit when the rooms were filM with warm apples .loose in boxes 
diretit from the orchard. The fruit was piled so as to permit circula- 
tion of air between the tiers of boxes. Over 250 hours were required 
to cboi the fruit in the center ;af the coil the air temperature 

of 30 degrees tbtnjpared to 48 hours in the blower room. The tern- 
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perature of the air in the center of the pile of fruit was determined 
by the use of a soil and air thermograph as stated above. If this dif- 
ference in rate of cooling occurs in these small storage rooms, how 
much time w^ould be required to cool the fruit in the center of some 
of the large commercial storages? 



Fig. 3 . Loss in weight of fniit stored in different parts of blower 
type cold storage and in coil type storage. 

Experiments were conducted to determine if the forced circulation 
of the air had any influence on the loss in weight of the fruit. Three 
boxes of wrapped fruit were placed in different parts of the blower 
room, one near’ the blower directly in the draft, one near the blower 
out of the draft, and one in the opposite side of the room out 
of the draft. One box was placed in the coil room. Weights 
on the apples were taken at 6-week intervals. Results are shown 
in Fig. 3. The box directly in the draft lost 2 pounds in weight, 
the box out of the draft on the opposite side of the room from 
the blower 1.48 pounds, the box near the blower out of the 
draft 1.32 pounds, and the box in the coil room ^ 1.20 pounds, 
by June 1st. Humidity in the rooms varied between 85 and 90. The 
loss in weight with the exception of the fruit directly in the draft is 
not enough to affect visibly the tightness of pack or appearance of the 
fruit when the crop is disposed of before June 1st. 

CoNctuisroNs 

The temperature variation Is greater in the coil type of cold storage 
than in the blower type: This difference is large enough so that when 
the center of the room is regulated to 30 to 32 degrees F. the fruit 
near the coil pipes or floor is likely to freeze. The rate of cooling is 
more rapid in the blower room, 250 hours being required to cool 250 
boxes of apples in the coil room as compared to 48 hours in the 
blower room. No differences were found in pressure, acidity, or 
ground color in the fruit stored in the different types of storages. 
Brown core and br^kdown was more severe in the coil room, how- 
ever Loss of weight was greater in the blower type of storage. 




Some Effects of Fertilizer Upon Storage Response 
of Jonathan Apples' 

By F. L. OvERLEY and E. L. Overholser, State College of 
Washington, Pullman, Wash.^ 

A preliminary report on the effect of fertilizers upon storage quality 
of apples, involving 2 years’ data from test plots of Jonathan, 
showed no significant variations in the rate of softening as measured 
by the pressure tester that could be attributed to fertilizer treat- 
ments (1). 

Results based upon two additional seasons’ work with the Jonathan 
and also with the Winesap are herewith reported. The observed 
influences of the fertilizer treatments upon the storage response of 
apples are two-fold, namely, the effect upon firmness of tissue at har- 
vest and after 3 months storage at 32 degrees F as indicated by 
samples of comparable size, color and maturity, and by samples 
representative of the fruit from each plot with respect to size and 
color; and the effects upon Jonathan breakdown. The relation of 
other complicating factors such as leaf-area-fruit ratio, size of crop, 
and average size of individual fruits are also considered. 

The plots providing the material for both the previous paper and 
this paper were fertilized as follows : N only, P only, K only, NP, NK, 
PK, and NPK. All applications were in the inorganic form, at an 
annual rate per tree of 1 pound actual N, 1 pound P 2 O 5 , or 2.5 pounds 
K 2 O, as the case may be. 

Effect of Fertilizers Upon Firmness of Flesh 

Comparable Samples , — ^When samples of comparable size, color, and 
maturity were selected from each of the fertilizer plots on both 
Jonathan and Winesap apples, there apparently was no consistent 
measureaEle influence of the fertilizer treatments upon firmness of 
texture, as determined by the pressure tester in pounds. The results 
shown in Table I for the Jonathan are the averages for a 5-year 
period, 1927-1931 inclusive, and for the Winesap for a 3-year period, 
1929-1931. 

The results with such samples, show no significant differences in 
firmness at harvest time, or after 3 months in cold storage, between 
samples from various fertilizer plots and plots receiving no fertilizer. 
Furthermore, at time of harvest there was little difference in pressure 
tetween the fimt from season to season. After 3 months storage at 
32 degrees F^ hpwev^ the pressure of each lot from the different 
fertflizer plote any one season, all lots varied markedly 

from season to season. For example, the pressure after 3 months 
storage was uniformly lowest with the crop of 1929 averaging less than 
12 pounds. On the other hand, the average pressure of all lots was 
uniforml y highest after storage in 1931, averaging about 15 pounds. 

^Publi^ed as Scientific Paper No. 212, College of Agriculture and Experiment 
Station, State College of Washington. 
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The pressure was next lowest in 193^’, and next highest in 1928. This 
indicates that with the uniform samples of the same size, color, and 
maturity from each plot, the climate or other environmental condi- 
tions exerted far greater influence upon firmness of flesh than did the 
fertilizer treatment. 


TABLE I — Effect of Fertilizer Treatment on Firmness of Jonathan and 
W iNESAp Apples as Shown by Pressure Tester 


Date 

Variety 

Pressure Test in Pounds 

Average of All Trees Receiving 

N 

P.Os 

K,0 

Check 

Harvest 

Jonathan 

15.3 

15.3 

15.5 

15.5 

Dec. 15 


13.4 

13.5 

13.5 

13.5 

March 1 


11.1 

11.2 

11.2 

10.9 

Tune 1 


10.2 

10.3 

10.2 

10.1 

Harvest 

Winesap 

20.4 

20.6 

20.5 

20,9 

March 


15.8 

15.7 

15.7 

15.9 

June 


14.8 

14.8 

14.9 

14.6 


The small differences shown in the firmness of flesh of the fruits 
receiving N, P, and K, and no fertilizer are in agreement with the 
statement by Knowlton and Hoffman, (2) “Apples of the varieties 
(Stayman and Black Twig) uniform in size and color will probably 
show the same firmness, as measured by the pressure tester, regard- 
less of the fertilizer given the trees from which they were picked.'' 

Representative Samples . — It has been determined, however, that the 
fertilizer application does affect the size, degree, and per cent of overlay- 
ing red color and the time of maturity. Hence, to this extent the firmness 
of the fruit as measured by the pressure tester in pounds on repre- 
sentative samples from the plots, is affected in conformity with the 
preceding factors. For example, fruit from the nitrogen-bearing 
fertilizer plots is larger and less highly colored than that from the 
check and non-nitrogen plots. 


TABLE II — Average Pressure Test of Apples of Different Sizes 


Size of Fruit per Box 

. 

No. 'Tests' ■ 

Average 

Pretore 

Test 

lOO’s. . ...-i ...... 

387 

14.7 


1072 

14.9 

150’s . 

786 


175»s. . 

912 

15.6 

200’s 

729 

15.8 


347 

15.6 


The smaller and more highly colored fruit averaged firmer ^ 
determined by the pressure tester, than did the larger/ less highly 
colored fruit. The results of a number of pressure tests on the dfect 
of size oii the firmness of fruit are shown ih Table il. Pressure tests 
were made on three sides of each apple. : ; 

The apples used for tests in Table II were of the extra fanc 3 ?r ji;^e, 
ranging in total red color from 65 to 100 per cent. 
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Comparative pressure tests were made after retention for 3 months 
in cold storage at 32 degrees F. Two methods of obtaining fruit 
samples from the trees of each plot were used. For the first, uniform 
samples of extra fancy color and grade with a size range of from 113 to 
150 specimens per box were obtained. For the second, representative 
samples of “tree run” fruit including extra fancy, fancy and “C” grades 
and with size range of 100 to 225 specimens per box were obtained. 
The average color, size, and firmness of flesh of the fruit of the Jona- 
than variety from each plot of the two types of samples are shown in 
Table III. 

TABLE III— Comparative Pressure Tests Between Selected Samples and 
Representative Samples from the Same Trees and Plots after 3 
Months in Cold Storage 


Fertilizer 

[ 

Selected Samples 


j Representative Samples 

Treat- 

ment 

Ave. Color 

Ave. Size 

No. 

Ave. Pres- 

Ave. Size 

No. 

Ave. Pres- 


per Plot 

Fruit 

Tests 

sure Test 

Fruit 

Tests 

sure Test 

N 

72.6 

125 

90 

14.7 

188 

90 

14.9 

NP 

76.9 

125 

90 

14.6 

188 

90 

15.2 

NK 

72.9 

138 

90 

15.2 

175 

90 

15.3 

NPK . . . 

73.0 

138 

90 

15.1 

175 

90 

15.3 

Check. . . 

88.8 

125 

90 

15.1 

188 

90 i 

15,8 

P 

92.3 

163 

90 

15.3 

188 

90 ! 

15.6 

K 

93.2 

150 

90 

15.5 

200 

90 

16.0 


The highest average pressure tests was with fruit from the plot 
receiving potassium only and which produced the smallest and most 
highly colored fruit. The lowest pressure tests were from the plots 
receiving nitrogen either alone or in combination with the other 
elements such plots producing the largest and lowest colored apples. 
The difference in pressure tests between selected samples and repre- 
sentative samples is not marked, however, varying from .1 to .7 lbs. 
This difference is probably due to differences in size and color of fruit 
as brought? about by the fertilizer treatments. 

Effect of Fertilizers on Jonathan Breakdown 

Studies were continued on the effect of fertilizers upon Jonathan 
breakdown since the preliminary report made in 1929 (1). The 
larger sized fruits on the tree were found to be more subject to 
physiological breakdown than the smaller sized fruits. Magness, 
Overley, and Luce, (3), by growing apples with a different number 
of leaves per fruit showed that “the greater the leaf area per 
fn4t, the gi^ter the total size of the fruit procured, although the 
in< 3 re^ in si^ pf fpit was not in proportion to the increased foliage.’ ’ 
With the applicatiph of f ^ilizers that stimulate tree growth, leaf 
area is increased. The re^ts of controlled^ leaf area tests on Jona- 
than trees in 1930, when apples were grown with a varying number of 
leav^ per fruit, showed that the per cent of breakdown increased with 
the increased leaf area per fruit. The tests were conducted on good, 

^Leaves and fruit thinned to required ratio and brunch^ ritigfed accordiiig to 
method reported by Magness, Overlay, and Luce (3); 
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vigorous, heavy-producing Jonathan trees that had been fertilized for 
three seasons with sulfate of ammonia, 5 pounds per tree. The per 
cents of breakdown after 3 months storage at 32 degrees F for the 
different leaf areas per fruit were as follows: 10 leaves per apple, no 
breakdown; 20 leaves per apple, no breakdown; 30 leaves per apple, 


TABLE IV — Average Number of Apples Harvested per Tree in the 
Different Fertilizer Plots 


Year 

N 

P 

■'k 

Check 

PK 

NPK 

NP 

NK 

1928 

1701 

1533 

1484 

1911 

1551 

1448 

1589 I 

1005 

1929 

2104 

2019 

2635 

1707 

2539 

2343 

2756 ! 

2603 

1930 

3464 

1651 

2224 

2533 

2392 

2593 

3155 

3081 

1931 

2556 

1372 

1498 

1821 

2024 

2164 : 

2169 

2175 


6 per cent breakdown; 40 leaves per apple, IS per cent breakdown; 50 
leaves per apple, 60 per cent breakdown. Since with the greater leaf 
area per fruit, the larger the average size of each specimen, these 
results were in agreement with Palmer (4), who reported, “From the 
results secured it is evident that even with apples picked from the 
same tree on the same date the large sizes were more subject to break- 
down than the medium or small sizes.” Breakdown in Jonathans is 
found generally in apples packing 138’s per box and larger. It is 
possible, however, that with the larger leaf areas per fruit some other 
predisposing condition than fruit size increase results that makes the 
fruit more likely to develop Jonathan breakdown in storage. 

The possible ratio of leaf area per fruit that annually existed on the 
trees of each plot is shown in Tables IV and V by the total number of 
fruits harvested per tree and by the average size of each fruit. When 
the average number of harvested fruit is small and the average fruit 
size large the leaf area per fruit would tend to be large. 

The average annual size of the individual specimens from the trees 
of each fertilizer plot is shown in Table V. When the average number 
of specimens per 42-pound standard apple box is low, the fruit is 
comparatively large. 


TABLE V — Average Actual Number of Apples per Standard 42-Pound Box 

Net Weight 


Year 

N 

P 

K 

Check . 


; ■HFK,':' 


NK 

1928 

157 

178 

176 

'■■■■■' 

169 

:'T67' 

157 

143 

1929 

142 

158 

1.67.''" 


156 

151 

146 

145 

1930. 

164 

174 

■■134 ,■ 

152 

179 

144 

149 

142 

1931 

149 

181 

190 1 

162 

; 164 

169 

147 

143 


One box of apples from each tree in each plot was selected as uni- 
formly possible for si^ (126 per box) and color (75 to 100 c^t 
red colot) and placed in cold storage at 32 degrees P within ^ hours 
from the time of picking. The fruit from all plots was harvest^ 
within a\4S'hbm'p€riodeac^^ 

,■ percent 'pf Jonathan ■■breakdown ■observed'in 
from th^ different fertile plots for the crops of 1928, 1929, 
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1931, when examined on December 15 after removal from 32 degrees 
F are shown in Table VI. 


TABLE VI — Average Per cent Breakdown with Comparative Size Apples 
FROM THE Different Fertilizer Plots 


Year 

N 

P 

1 K 

Check 

I PK 

I NPK 

NP 

NK 

1928 

8.7 

4.3 

1.9 

8.0 

4.3 

6.3 

8.7 

9.4 

1929. . : . . . 

40.2 

.30.9 

18.8 

25.6 

17.6 

17.9 

22.2 

15.3 

1930 

2.5 

3.2 

1.5 

4.8 

.9 

5.2 

5.3 

3.4 

1931 to 

Dec. 15 

0 

2.5 

,8 

3.3 

2.5 

4.2 

2.5 

0 

Average. . . 

15.3 

10.3 

5.7 

10.2 

6.4 

8.5 

9.8 

7.0 


The results of these tests show that breakdown varied with different 
seasons regardless of fertilizer treatment. This is in agreement with 
Palmer*s results in his Jonathan breakdown studies, which ‘^indicate 
that losses from breakdown are much more serious some seasons than 
others.” 

Analysis of data shown in Table VI indicates that potash used 
either alone or in combination with nitrogen and phosphorus may 
reduce the per cent of physiological breakdown in Jonathan apples. 
Furthermore, applications of nitrogen alone apparently tended to 
result in an average increased percentage of Jonathan breakdown, 
but this seemingly was because of the excessively high percentage of 
breakdown from the nitrogen plots in 1929. Nitrogen, alone or 
nitrogen with potash may, however, tend to increase Jonathan break- 
down, first by giving a larger leaf-fruit ratio, and second, by giving 
more large size specimens. Therefore, the differences in breakdown 
shown between the various fertilizer plots may be due to variations in 
the leaf area fruit ratio or in size of fruit as shown in Tables IV and V, 
or some other factor such as climate, rather than the direct eifect of 
fertilizers. 

TABLE VII — Per cent Physiological Breakdown as Affected by Size and 
Load of Fruit on Tree 


Tree 

No. 

1929 

1930 

1931 

Size 

Fruit 

No, 

Fruits 

per 

Tree 

- 

Per cent 
Break- 
down 

Size 

Fruit 

No. 

Fruits 

Tree 

Per cent 
Break- 
down 

Size 

Fruit 

No. 

Fruits 

per 

Tree 

Per cent 
Break- 
dovyn 

1 

146 

2573 

4.3 

119 

2327 

' 3.4 

117 

2712 

0 

2 

148 

2447 

0 

133 

3545 

3.4 

115 

1952 

0 

a 

144 

2625 

12.0 

117 

1937 

11.0 

106 

805 

50.0 


it is of intent to note that during the season of 1929 all plots 
showed far more breakdown than was exhibited any other season. As 
previously stated, the fruit harvested this year averaged lower in 
firmness of flesh after three months storage than was the case during 
any of the other three y^rs. Gourley and Hopkins (6) also reported 
that under Ohio conditions, the 1929 crop Jonathan and Stayman 
Winesap was severely affected with a similar trouble. 
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As further evidence of the relation of size of specimens and load of 
fruit, whether influenced by fertilizers or other factors, to the sus- 
ceptibility to Jonathan breakdown, data are available from another 
plot where one pound of nitrogen per tree was annually applied for 
three years. The data are shown in Table VIL 
Neller (4) found that fruit showing Jonathan breakdown was higher 
in per cent of dry matter and sucrose. Magness; Overley and Luce 
(3) found that fruits from branches with large leaf area were higher in 
total sugars and dry matter than fruit from branches with a small leaf 
area. 
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Orchard Variability in Maturing the Italian Pruned 

By Lowell R. Tucker, University of Idaho ^ MoscoiVy Idaho. 


CrUDIES of changes during the ripening process of the Italian 

prune have been previously made in Oi'egon and Idaho (2,3). 
These changes were measured by noting at regular intervals the firm- 
ness, color, and flavor of the fruit, and the acid content and density 
of its juice. Density of the juice as determined with the Balling 
hydrometer was used as an index of the sugar content. As a measure 
of maturity changes it was found that sugar content was more variable 
than firmness while the acid content determinations varied too much 
to be reliable (2,3). Allen, Magness, and Haller (1) also found a 
similar variation in hydrometer readings as a maturity test for Cali- 
fornia plums. 

In this study maturity changes of prunes in different orchards were 
compared. The principal measures used were firmness and sugar con- 
tent. Firmness was determined by the standard method of using the 
U, S, type pressure tester equipped with a 5/ 16-inch plunger. Two 
pressures were taken on each prune, one on each cheek. Prunes for 
testingwere picked at random, one from the south and one from the 
north side of each of 10 trees. The 40 firmness tests made on the 20 


prunes were averaged. The probable errors® of these tests approximated 
dt 0.11 pounds and indicated an inaccuracy of not more than db 0.33 
jpounds in an orchard firmness measure at any one time. 

The sugar content of the expressed juice was determined in 1930 


by the use of the Balling hydrometer! In 1931 the sugar content was 
determined by measuring the refractive index with the Zeiss ref rac- 
which collected from each prune on the tester 
as a sample for each fruit. 
Tma'I^ce miay not' be an average portion for the entire prune but 

many prunes was con- ' 
be the..'.sugar cbnt^'':fOi?>t^ The 'probable errors 

the. various tests, ranging' for. 
comparisons an inaccuracy of not more than Sugar 

; tests by this method, like the hydrometer tests, as mentioned 

' IB fte second paragraph, were more variable than the pressure tests 
as a measure of progressive maturity changes. 

to. the .time of ■, harvest; of the\:C!h!ii^^ 
:Itaiian prune in" s^er^l;pi;^li^i|^:'; 

' the' % i,2.2:;:.||d|in^;^^^^ 
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varied in different orchards from 6 to 13 days (Graph A), averaging 
about 9.2 days. They therefore softened at the average rate of 0.25 
pounds per day. During the similar period of 1930, they softened at 
the average rate of about 0.30 pounds per day. 

TABLE I — Variations in Fruit Maturity Between Orchards; (1) in 
Firmness .\t a Constant Sugar Content, and (2) in Sugar Content 
at a Constant Firmness 


Orchard 

No. 


At tO.3 lbs. At 10 Per cent 

Firmness Sugar content 


Sugar Firm- 

Date C^ontent Date ness 

(Per (Lbs.) 

cent) 


8-29 16.0 8-29 10.2 


0-2 15.8 0-4 10,0 


8- 25 15.6 8-29 9.7 

9- 15 18.5 9-1 12.6 




18.'6 8-26 14.3 

17,4 8-27 11.6 

'14.7 '9-9'. 8.8 


8r-25 16.4 8-28 



At 12.2 lbs. Firmness 


Good 

Fair 

Mildly 

sour 

Fair 


Mildly 

sour 

Fair 

Fair 

Fair 


Mildly 

sour 

Good 

Fair 


8-26 17.7 Fair 


At 17 Per cent 
Sugar Content 


Firm- Flavor^ 


Sour 

Mildly 

sour 

Mildly 

sour 

Mildly 

sour 

Pair 

Sour 

Fair 

Mildly 

sour 

Fair 

Mildly 

sour 

Mildly 

sour 

Mildly 

sour 

Sour 

Pair 


i;.' rate of 0.19 per cent 

cent per. day. Graph B. 

:i|^^W^'::i3i^;.thig’''p^fii^'’|n'.S(^e'prehards 'contained- as .much as 
f||^'i*iid‘i^,^,ti^.-:;wi'h^'they'':‘«adbed'a ^ 14.5 -pounds 

firnmess,'''thein«udnnm reoOTtef^S^^ 





Fig. 1. Orchard comparison of maturity changes in 
the Italian prune in 1931. The stage of maturity 
shown is that while softening from 14.5 pounds to 
12.2 pounds, as measured by the U. S. Pressure 
Tester. Graph A shows the dates that these firm- 
nesses are reached and the average rate of soften- 
ing for each orchard. The sugar content at the 
respective periods and the average rate of in- 
crease for each orchard are shown in B. 

" fruits which softened early in some orchards were high in 

sugar while in other orchards the sugar content was low (Graph B). 
The date of softening then did not seem to be the factor a&cting 
the amount of sugar present. An orchard showing high sugar con- 
tent early in the test usually remained high and the one low in sugar 
usually remained low throughout the period tested. The determining 
factor was present before the tests were started so further studies of 
this are planned. It was noted, , however, that irrigation checked arid 
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sometimes even stopped the increase in sugar concentration of the 
juice. Since the prunes increased rapidly in size during this period 
it seems that the double increase of water and sugar content held the 
percentage low rather than stopping the formation and storage of 
sugar. 


TABLE II — Prune Samples from Various Orchards Classified According 
TO Flavor, Firmness, and Sugar Content 


Flavor 

j 

Classification as to Sugar Con- 
tent and Flavor of Prunes in 
Orchards at the same Firmness 
Maturity 

Classification as to Firmness and 
Flavor of Prunes in Orchards at the 
Same Sugar Content Maturity 

Sugar Content (Per cent) 

Firmness (Pounds) 

16- 

16.9 

17- 

17.9 

18- 

18.9 

19- 

19.9 

20- 

20.9 

11- 

11.9 

12- 

12.9 

13- 

13.9 

14- 

14.9 

15- 

15.9 

16- 

16,9 

Sour 

_ 

_ 



_ 

__ 

_ 


2 

- 

1 

Mildlv sour 

1 

3 

1 

_ 

— 

- 

- 

4 

4 

- 


Fair 

- 

4 

4 

2 

~ 

1 

2 


1 

— 


Good 

- 

- 

- 

2 i 

1 

- 

- 

- 

- i 

- 

- 


It has been known for some time that prunes on an individual tree 
vary in softness (3). The soft prunes are generally considered to be 
sweeter and riper than the firm ones since they do not hold up so 
long for market. This year 110 prunes were picked from one tree 
and tested the same day for firmness and sugar content. The correla- 
tion of +.16db.06 between firmness and sugar content of these 
prunes showed that, contrary to expectations, the soft prunes did not 
contain a higher percentage of sugar than did the firm prunes. Simi- 
lar results were obtained when a sample of 40 prunes from as many 
trees was tested. The correlations of +-^44±:.022 between flavor 
and sugar content and of — .850±.021 between flavor and firmness 
indicate that one change affects flavor about as much as the other. 
Acidity changes parallel firmness to a large degree, which probably 
explains the high relationship between firmness and flavor. Table I 
shows the 1931 variations in flavor of prunes from the different or- 
chards with the same firmness and different sugar contents and with 
a constant sugar content and varying firmness. In the former case, 
for instance, the mildly sour prunes have a lower sugar content than 
the prunes with a good flavor. In the latter case the sour prunes are 
firmer than those having a fair flavor. This is shown more clearly in 
Table II. When either is constant the variation of the other affects 
the flavor generally. Since firmness is a measure of handling quali- 
ties, it therefore determines the time of harvest for fresh fruit ship- 
ment (2,3). These data indicate that at the recommended picking 
firmness the fruit varies in sugar content and likewise in flavor. The 
data listed here and in Idaho Bulletin No. 167 (3) show that the 
sugar content varies from year to year as well as between orchards 
at any one stage of firmness. It is therefore concluded that in some 
seasons and in some orchards fruit never reaches at any maturity the 
high quality and high sugar content that it does in others. 
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It seems that these variations may also affect grades of prunes 
when dried and graded according to the flotation method recommended 
by Weigand and Bullis (4,5). Further knowledge of the causes of 
these variations should offer an opportunity to improve the general 
quality of fruit produced. 
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The Respiration of Some Fruits in Relation to 
Temperature 

By M. H. Haller, P. L. Harding. J. M. Lutz, and D. H. Rose, 

U. S. Department of Agriculture, Washington, D. C. 

JN connection with storage studies on strawberries, peaches, and some 
citrus fruits the respiration rate of the fruit at different tempera- 
tures has been determined. While the storage studies have not been 
completed it seemed desirable at this time to present the results of 
some of the respiration studies. 

Material and Methods 

The apparatus used was a modification of that described by Mag- 
ness and Diehl (4) with which the O 2 consumed as well as the CO 2 
evolved can be measured. A description of the apparatus as modified 
is to be published soon in Science. ' 

The strawberries for these investigations were obtained from the 
field of a commercial grower located a few miles from M ashington, 
D. C. The berries were picked in the morning and taken immediately 
to the cold storage laboratory at Arlington. Va. The overripe, imma- 
ture, and unsound berries were sorted out and the remaining berries 
were weighed and placed at the different temperatures where they 
were left overnight to come to the temperature of the room. The 
fruit was then placed in the desiccators and respiration fate deter- 
minations started. The results presented in Table I are the average 
of three runs of 12 hours each with duplicate determinations at each 
temperature except 80 degrees, where only one desiccator was avail- 
able. The amount of fruit used A'aried from 2 kilograms per desic- 
cator at 32 degrees F. to 200 grams at 80 degrees. 

The peaches were obtained from a commercial orchard near Lees- 
burg, Va. The fruit was picked in the morning and taken immediate- 
ly to the cold storage laboratory where it was treated similarly to the 
strawberries. The peaches were picked during . the commercial pick- 
ing season and their firmness as indicated by pressure test using a 
S/16-inch diameter plunger was as follows: Cannan 9.7 pounds. Belle 
12.5 pounds, Elberta 5.5 iwtmds, and Hale 9.1 pounds. The fruit 
designated as Hale wds obtained as Hale but its identity has been 
questioned by H. P. .Gould and others. The amount of fruit used 
varied from about 2 kilograms at 32 degrees to about 500 grams at 80 
d^rees. The results presented in Table I are averages of duplicate 
determinations at each temperature and usually of four runs of 24 
hours each. The oranges and grapefruit from Florida and t]^ lemons 
from California were shipped by express directly to 
SO that considerable time elapsed from, the. time 
'i||;;i^^hg\'bbfdTC:ulhe Tdspir^^ rate Meterhiinations. were; :;^tted. 
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The fruit was otherwise treated similarly to the peaches and straw- 
berries. The results given in Table I are averages of two or more 
determinations at each temperature and usually for a period of 4 days. 

The respiration rate at any temperature cannot be given accurately 
without specifying the time concerned as the rate changes consider- 
ably with time particularly at the higher temperature. In the case of 
the strawberries there was an increase in respiration rate with time 
at all temperatures except 32 degrees F. during the three 12-hour 
periods. The increases were relatively slight at the lower tempera- 
tures but quite pronounced at 70 and 80 degrees. At 40 d^rees, for 
example, Chesapeake strawberries increased from 20.4 to 22.9 mg. 
CO 2 per kg. hr., while at 80 degrees they increased from 148.5 to 
180.6 CO 2 per kg. hr. 

With the four varieties of peaches studied there was little or no 
change in rate at 32 and 40 degrees F. At the higher temperatures 
there was a gradual increase in rate with time except for Carman at 
80 degrees, where there was a decrease from 106.2 on the first day to 
94.7 mg. CO 2 per kg. hr. on the fourth day. 

The rate of respiration of Eureka lemons was practically constant 
at 32, 40, 60 and 70 degrees F., with a gradual increase at 50 degrees, 
a decrease at 80 and 90 degrees and an increavse at 100 degrees. The res- 
piration rate of Na^^el oranges was constant at 33 degrees, increased at 
40 and 50 degrees and decreased at temperatures of 60 degrees and 
above. There was little or no change in rate of respiration of Florida 
oranges at 32, 40 and 50 degrees with a slight increase at 60 degrees 
and a slight decrease at 70 and 80 degrees and a rapid decrease at 90 
and 100 degrees. Florida grapefruit showed practically no change in 
rate at 32, 40 and SO degrees, a gradual decrease at 60, 70 and 80 
degrees, and a rapid decrease at 90 and 100 degrees. 

The respiration data of the strawberries (Table I) are 'presented 
for Howard 17 (Premier) only. At all temperatures the rate of 
respiration of Howard 17 was 25 to 30 per cent greater than that 
of Chesapeake. These rates approximate those given by Gore ( 1 ) and 
Overholser, Hardy, and Locklin (6) but are less than half as great 
as those given by Gerhart (2). 

cc CO2 

The respiratory ratio ( cc 02 ” ) indicates the type of material being 
respired. The complete oxidation of hexose sugars gives a ratio of 1 
while complete oxidation of citric or malic acid gives a ratio of 1.33. 
A ratio greater than 1,33 in fruits would indicate intramolecular 
respiration. With both of the strawberry varieties studied the i-espira- 
tory ratio was about 1.3 at most of the temperatures, indicating acid 
as the material being respired. 

The respiration rate of Belle and Hale peaches was very similar to 
that of Elberta (Table I). The rate for Carman was considerably 
higher particularly at the lower temperatures and varied from 6,2 
mg. CO^ per kg. hr. at 32 degrees F. to ,102.1 mg. at 80 degrees. There 
were no consistent changes in respiratory ratio with temperature. The 
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respiratory ratio of Carman was aliout 1 at the different temperatures 
indicating sugar as the material being respired. The ratio of Belle 
varied from 1 to 1.15 while the ratio of Elberta and Hale varied 
around 1.15. 


TABLE I — The Respiration Rate and Respiratory Ratio of Some Frihts in 
Relation to Temperature 


Howard 17 Strawberries (1930) 

Elberta Peaches (1931) 

Tetiiperature 

Mg CO. 
per 

Cc 0, 
per 

CO, 

n 

Mg CO, 
per 

1 CcO, 

1 per 

CO, 

=F 


Kg. Hr. 

Kg. Hr. 

Ratio 

k| Hr. 

! Kl Hr. . 

Ratio 

32 

0 

17,3 

7.2 

1.23 

3.84 

1.80 

1.10 

40 

4.4 

30.0 

11.6 

1.34 

6.54 

2.72 

1.23 

50 

10.0 

59,5 

23.5 

1.29 

15.7 

6.72 

1.18 

1)0 

15.5 

87.0 

34.1 

1.29 

34,3 

15.4 

1.15 

70 

21.1 

1 137.1 

I 52.5 

1.33 

61.3 

26.6 

1.18 


26.7 

1 211.1 

1 71.3 

i 1.51 

89,8 

30.1 

1.56 


Seedling Grapefruit (Florida) (1929- 

-30) 

Eureka Lemons (California) (1931) 

32 

0 

2.07 

1.38 

0.77 

2.66 

1.09 1 

1.24 

40 

4.4 

4.86 

2.23 

1.13 

3.70 

1.56 

1.20 

50 

10.0 

6.92 

2.80 

1.25 

10.5 

5.85 

0.92 

00 

15.5 

12.6 

5.35 

1.19 

13.5 

6.98 

1.00 

70 

21.1 

16.0 

6.48 

1.24 

18.6 

9.98 

0.95 

80 

26.7 

19.0 

6.64 

1.45 

i 28.2 

15.5 

0.93 

90 

32.2 

27.5 

8.80 

1.60 

40.7 

17.4 

1.20 

100 

37.7 

51.4 

13.2 

1.96 

80.2 

30.0 

1.36 

110 

43.3 

81.6 

26.0 

1.59 





Navel Oranges (California) (1931) 




32 

0 

4.07 

1.48 

1.37 




40 

4.4 

6.35 

2.68 

1.21 




50 

10.0 

13.5 

6.24 

1.10 




60 

15.5 

22.7 

11.1 

1.05 




70 

21.1 

27.3 

12.5 

1.10 




80 

26.7 

36.4 

13,8 

1.36 




90 

32.2 

47.4 

17.0 

1,43 




100 

37.7 

103,0 

23.5 

2.24 





Of the citrus fruits studied the seedling grapefruit from Florida 
had the lowest respiration intensity with the oranges considerably 
higher than the lemons. The data for the seedling oranges from 
Florida are not presented but the respiration rates were similar* to 
those of the Navel oranges from California except at 32 and 100 de- 
grees F. where the rate of the Navel oranges was considerably higher. 
The respiratory ratios of the Florida oranges were very similar to those 
given for grapefruit and indicate in both cases considerable intra- 
molecular respiration at temperatures of 90 degrees and above. The 
ratios of the California oranges and lemons differ from those of the 
Florida oranges and grapefruit in that they are relatively high at the 
lower temperatures with the minima at 50 to 70 degrees. No intra- 
molecular respiration was shown by the lemons but the Navel oranges 
indicate considerable intramolecular respiration at 100 d^rees. 
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The change in the rate of a reaction with temperature is frequently 
expressed by Van’t Hoff's temperature coefficients (Qio)- This 
expresses the number of times the rate is multiplied by a 10 degrees 
C. (18 degrees F.) rise in temperature. A temperature coefficient 
of 2 or above is considered characteristic of chemical processes while 
a coefficient of 1,5 or less is characteristic of physical processes. 
While respiration is fundamentally a chemical process it may be 
limited by physical processes such as the diffusion of gases’ to and 
from cells. The temperature coefficients of the fruits studied are 
shown in Table II at different temperature ranges of 18 degrees F, 
These coefficients are based on the respiration rate as measured by 
the CO 2 evolved. In general the temperature coefficients of all the 
fruits decreased at the higher temperature ranges (Table II) with the 
minimum coefficients at temperature ranges of 52 to 70 degrees or 62 
to 80 degrees. With the citrus fruits, where higher temperatures 
were used, the coefficients increased at the higher temperatures. Of 
the fruits studied peaches had the highest temperature coefficients. 
Thus at 70 degrees the respiration rate of the strawberries, oranges, 
lemons, and grapefruit was 7 to 8 times that at 32 degrees, while with 
Belle, Elberta, and Hale peaches the rate was 14 to 16 times as great 
at 70 degrees as at 32. With Carman peaches the rate was 11.5 times 
as great at 70 as at 32 degrees. 

Discussion 

As the respiration rate is a measure of the rate of metabolism it 
should, theoretically, be an index to the rate of deterioration or stor- 
age life of a product. Practically it seldom is, as the storage life par- 
ticularly at high temperatures is usually limited by decay and at low 
temperatures may be limited by physiological changes which may not 
be related to respiration. Magness, Haller, and Diehl (5) found that 
the rate of respiration of apples at different temperatures was closely 
proportional to the rate of softening. In general, the same relationship 
holds for peaches except that with peaches the storage life at the low 
temperatures is not as long as the low rate of respiration and soften- 
ing would indicate since certain changes take place at the low tem- 
peratures, so that the fruit does not ripen normally and with good 
quality when removed to higher temperatures. 

The respiration rate and particularly the respiratory ratio nxay give 
an indication of the type of reaction taking place in the fruit and may 
be to some extent a measure of deterioration in dessert quality and 
food value. Thus at 90 degrees F. and above, the respiratory ratio 
of the oranges and grapefruit would indicate intramolecular respira- 
tion with the probable formation of alcohol or aldehydes. The CO 2 /P 2 
, ratio: of oranges and grapefruit f torn Florida would indicate that sugar 
^ at 32 degrees while both sugar d-nd - acid were 

. respired at temperatures of 50 to 80 degrees. This is ^ 
wi|^:& (3) who found that the arid 
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grapefruit decreased at 32 degrees and that the sugar content de- 
creased at 70 degrees. The oranges and lemons from California indi- 
cated by their respiratory ratio a loss of acidity at 32 degrees and a 
loss principally of sugar at 50 to 70 degrees. With strawberries and 
peaches there, was little indication of a difference in the material 
respired at different temperatures. 

While at low temperatures the loss of material by respiration is 
relatively slight, at high temperatures it may become quite significant. 
Thus at 80 degrees F. the loss of citric acid in the strawberries would 
be 403. mg. from Howard 17 and 323 mg. from Chesapeake per 100 
grams of fruit per day assuming that the CO 2 evolved was due to the 
complete oxidation of acid as the respiratory ratios would indicate. 
This would amount to at least 25 per cent of the total acidity normally 
present in these varieties of strawberries at picking time. Assuming 
complete oxidation of citric acid at 80 degrees the other fruit would 
have used 160 to 195 mg. per 100 gm. per day in the case of peaches, 
67 to 70 mg. with the oranges and 54 and 36 mg. -with the lemons 
and grapefruit respectively. The complete oxidation of sugar would 
give figures about 85 per cent of the amounts given for citric acid. 
In the case of Carman peaches and Eureka lemons the CO 2 /O 2 ratios 
would indicate sugar as the material of respiration while both sugar 
and acid wei-e indicated for Belle and Hale peaches. 

The heat of respiration of rapidly respiring fruit such as strawber- 
ries may become a significant factor in their refrigeration. Thus at 
80 degrees F. the heat of respiration of Howard 17 strawberries 
would amount to 46,442 B. T. U. per ton of fruit per day which is 
sufficient to melt 322.5 pounds of ice. This computation was made on 
the assumption that the CO 2 liberated was due to the complex oxida- 
tion of dextrose. Complete oxidation of citric acid would give off 70 
per cent as much heat as dextrose. Gerhart (2) computed from his 
respiration data that a carload of Missionary berries weighing 4,672 
pounds would melt 127.5 pounds of ice per hour at 50 degrees F, 
On the same basis the Howard 17 berries, as determined herein, 
would melt only 8.8 pounds of ice. In a letter from Gerhart he 
states that his figures for the heat of respiration are about six times 
too high due to an error in calculation. At 32 degrees the heat of 
re.spiration of Howard 17 strawberries was calculated to be 3,806 
B. T. U. per ton per day which \vould melt 26.4 pounds of ice. The 
heat of respiration of Elberta peaches at 80 degrees was 19,756 B. T. 
U. per ton day or sufficient to melt 137 pounds of ice while at 50 
degrees it was 3,454 B. T. U. and at 32 degrees it was 845 B. T. U. 
The heat of respiration of Navel oranges was 8,008 B. T. U. at 80 
degrees, 2,970 at 50 degrees and 895 at 32 degrees. The grapefruit 
had the lowest respiration rate and the heat of respiration was 3,520 
B. T, U. per ton day at 80 degrees, 1,518 at 50 degrees and 455 at 32 
degrees. At 32 degrees the heat of respiration of the grapefruit 
would melt only 3.2 pounds of ice per ton day. 
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Studies in the Transpiration Kate of Apple Varieties^ - 

By Oscar J. Dowd/ C/, S. Department of Agriculture, 
Washington,' D, C. 

'J'HE economical utilization of soil moisture has long been recog- 
nized as a matter of vital importance in apple production. The 
fruit grower in non-irrigated districts has generally adopted certain 
well-known cultural practices designed to conserve soil moisture 
without consideration of the plant itself as a factor in water economy. 
It is generally recognized that species of plants vary in their water 
requirements, but practically no studies have been made on the water 
requirements of varieties of fruit plants. 

Observations on the behavior of non-irrigated apple varieties dur- 
ing a week of hot dry weather at the end of a rainless summer in 
the Willamette Valley of Oregon showed certain varietal differences 
in resistance to drought, which apparently were due either to varietal 
differences of root development or to transpiration rate. Apparently, 
Knight ( 1 ) of the East Mailing Research Station is the only investi- 
gator to study the transpiration rate of apple varieties. He reports 
that apple scion varieties have a definite rate of transpiration, but he 
does not furnish any data to support this conclusion. 

This paper is a preliminary report on studies in the transpiration 
rate of apple varieties which were conducted at Oregon State College 
during the summer of 1930. The purpose of the study was to deter- 
mine the relative transpiration rate under atmospheric conditions 
favoring high transpiration. In apples as in many other plants, the 
transpiration rate assumes importance only when it is high enough 
to cause a deficiency of water in the plant. 

Materials and Methods 

After preliminary studies with various methods of measuring trans- 
piration, a battery of 40 burette-potometers was set up in an empty 
section of the college greenhouse, where atmospheric conditions 
favored a high rate of transpiration similar to that found out of doors 
on a hot, dry day. 

Four varieties were compared in each experiment. Ten shoots, 
typical of each variety, uniform in size, and free from insect and spray 
injury, were selected from shoots cut at random from all parts of the 
trees. They were cut under water with a sharp knife, connected to a 
contihupus in the burette-potometer, and allowed 

^PuHished as Technical Paper No. 167 with the approval of the Director of 
the Oregon Agricultural E^cperitnent Station, a contribution of the Department 
of Horficalture. 
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to transpire an hour or more before starting measurement of the 
water transpired. Distilled water was used in all potometers. At the 
end of each experiment, the leaf area of each shoot was determined 
by carefully tracing each individual leaf with a planimeter. The 
evaporating power of the air was determined by the use of two white 
spherical atmometers located at each end of the line of potometers. 
Temperature and relative humidity were determined at convenient 
intervals by means of a sling psychrometer. 


TABLE I — Summary of First Transpiration Study of Four Apple Varieties 


Variety 

Total 

Number 

Shoots 

Total 

Number 

Leaves 

Total 
Leaf 
Surface 
(Sq. Cm.) 

Total 
Water 
Used 1-24 
Hours 
(Cc.) 

Average 
Water 
Used per 
Sq. Cm. 
1-24 Hrs. 
(Cc.) 

Rdative 
Raiddng 
(Per cent) 

Starking 

14 

320 

7667 

2516.5 

0.328 

100.0 

Baldwin 

11 

182 

6789 

2032.8 

0.299 

91.2 

Arkansas Black 

11 

203 

7658 

1933.6 

0.252 

76.8 

N. W. Greening . . . 

11 

184 

9093 

2144.2 

0.236 i 

72.0 

Average 

12 

222 

7802 

2156.8 

0.276 

84.1 


Results and GeJ^eral Observations 

A preliminary survey of the transpiration rate of many varieties, 
using only three shoots per variety, showed that Baldwin and Stark- 
ing transpired at a high rate, while Arkansas Black and Northwestern 
Greening transpired at a low rate. When these varieties were later 
compared, using larger numbers of shoots, the same relationship held 
in two separate experiments. A summary of these experiments is 
shown in Table I. The data are largely self-explanatory. The relative 
ranking based on the transpiration rate of Starking at 100 is given. 
For the sake of brevity, a detailed account of atmospheric conditions 
is not given* The temperature averaged 78 degrees F., the relative 
humidity 58.8 per cent, and the atmometers transpired approximately 
30 cc of water per day. 

The transpiration rates of Grimes, Jonathan, Ortley, and Graven- 
stein were likewise compared in two experinaents. A summary of 
these is shown in Table 11. It will be noted that Gfinies arid Jona- 
than transpired at a higher rate thrin Ortley and Gravenstein, The 
Grimes variety seems to fee uhsatisficto^^^ toder drought conditions 
as it ceases shoot growth during Table II also shows 

that Grimes and Jonathan each transpire about 9 per cent of their 
water at night, while Ortley and Gravenstein transpire only approxi- 
mately 6 per cent each during that time. This may indicate a dif- 
■fer^ence in stomatal control. While only the summary of the pair of 
these varieties is given, additionar data show 
;^i^t^'|l^c^;Grimes; variety 'apparently; transpires in;'accOi^ari'ce''''^itfa"the;^ 

Ortley ’arid/C^^eh^eiri;';^ ■ 
"■ '-trapapiritipni^dupt^ 'periods ''fayori^' 
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evaporation. A statistical study of the rate of transpiration of each 
shoot showed that the variation within the variety was small, and 
that differences in the transpiration rate of A^^arieties were significant. 


TABLE II — Summary of Second Tjlvnspiration Study of Four 
Apple Varieties 




Total 

Number 

Leaves 

Total 

Total Water Used 

Rate per Sq. 

Relative 

A^ariety 

Number 

Shoots 

Leaf 

Area 

(Sq. Cm.) 

Day 

(Cc.) 

Night 

(Cc.) 

Total 

(C'c.) 

Cm. 1-24 hr. 
Hour 
(Cc.) 

Ranking 

(Per 

cent) 

Grimes. 

14 

266 

7,460 

1,512.4 

157.1 

1,669.5 

0.244 ± 
.007 

100.0 

Jona- 

than 

1.8 

391 

11,485 

2,127.3 

211.0 

2,338.3 

0.203 ± 
.004 

90.(> 

Ortley 

.19 

435 

12,640 

2,183.4 

131.4 

2,314.8 

0.181 ± 
.010 

80.S 

Gray- i 
enstein , 

18 

351 

13,648 

2,188.1 

140.4 

2,328.5 

0.170db 

.003 

76.0 


The transpiration rates of King, Wealthy, Delicious, and Red 
Canada were compared in duplicate experiments conducted on July 
10 and September 9, respectively. A summary of these (Table III) 
shows that King and Wealthy transpired at a high rate, while De- 
licious and Red Canada transpired at a low rate. The relative rank- 
ing shows that there is widespread difference in the transpiration 
rates of King and Red Canada. 

TABLE III — Summary of Third Transpiration Study of Apple Varieties 


A'ariety 

Total 

Number 

Shoots 

Total 

Number 

Leaves 

Total 
Leaf Area 
(Sq. Cm.) 

Total Water 
i Used 1-24 
Hours 
(Cc.) 

Rate of 
Transpira- 
tion per Sq. 
t Cm. 1-24 hr. 
(Cc.) 

Relative 
Ranking 
(Per cent) 

King 

13 

266 

8,544 

2305.0 

0.270 

100.0 

Wealthy 

19 

307 

10,184 

2504.9 

0.246 

91.2 

Delicious 

20 

410 

10,604 

2082.1 

0.196 

72.8 

Red Canada 

16 

280 

10,167 

1501.8 

0,148 

54.8 


A few simple tests in which leaves of many varieties were weighed 
at frequent intervals while they were drying on laboratory tables in- 
dicated striking differences in the rate at which they lost water. 
Varieties which lost water rapidly upon drying also transpired at a 
high rate in the potometer studies. The rate of water loss decreased 
as drying proceeded. The percentage of water in the leaves de- 
crease as the summer advanced. 

Discussion 

The data gathered in this study show that apple varieties have a 
transpiration rate that is definite and distinct for each variety. Shoots 
of the same variety show but a small Awiation, with significant dif- 
ferences between varieties. Varieties in one table cannot be compared 
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with those in another table because of uncontrolled atmospheric con- 
ditions. Although one should not conclude that transpiration rates 
obtained in the potometers are representative of transpiration rates 
in the field and can be correlated with drought resistance, it is inter- 
esting to note that some varieties which were found to have a rela- 
tively high rate of transpiration are those which do not stand the 
hot, dry period usually found in late summer. These varieties also 
show a tendency toward the development of the physiological dis- 
orders known as water deficiency diseases. It seems likely that the 
rate of transpiration of varieties of apples under conditions causing a 
tension in the plant between the water loss and the water intake, 
may be important in affecting varietal susceptibility of the fruit to 
these physiological disorders. 

Careful measurement of the cross section of 420 terminal leaves 
of 14 varieties showed no difference in leaf structure between the 
varieties transpiring at a high and at a low rate. The average thick- 
ness of all varieties was slightly over millimeter. 
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Standard Rainfall 


By Paul Tabor^ Georgia State College of Agricxdture^ Athensy Ga, 

A NEED is apparent to all students of crop production for more 
adequate descriptions of the climatic factors, especially when 
large areas are studied. The climatological data assembled by the 
U. S. Weather Bureau and other agencies need to be converted into 
measures applicable to crops growing under a wide range of condi- 
tions. 

TABLE I — Standard Rainfall Corresponding to Mean Monthly 
Temperatures 


Mean 

Monthly 

Temperature 

standard 

Rainfall 

(Inches) 

Mean 

Monthly 

Temperature 

Standard 

Rainfall 

(Inches) 

Mean 

Monthly 

Temperature 

Standard 

Rainfall 

(Inches) 

5 

0.26 

32 

0.74 

59 

2.08 

6 

0.27 

33 

0.76 

60 

2.16 

7 

0.28 

34 

0.79 

61 

2.24 

8 

0.29 

35 

0.82 

62 

2.33 

9 

0.30 

36 

0.85 

63 

2.44 

10 

0.32 

37 

0.89 

64 

2.52 

11 

0.33 

38 

0.93 

65 

2.62 

12 

0.34 

39 

0.96 

66 

2.77 

13 

0.35 

40 

1.00 

67 

2.83 

14 

0.37 

41 

1.04 

68 

2.94 

15 

0.38 

42 

1.08 

69 

3.06 

16 

0.40 

43 

1.12 

70 

3.18 

17 

0.41 

44 

1.16 

71 

3.30 

18 

0.43 

45 

1.21 

72 

3.43 

19 

0.45 

46 

1.26 

73 

3.56 

20 

0.46 

47 

1.31 

74 

3.70 

21 

0.48 

48 

1.36 

75 

3.85 

22 

- 0.50 

49 

1.41 

76 

4.00 

23 

0.52 

50 

1.47 

77 

4.16 

24 

0.54 

51 

1.53 

! 78 

4.32 

25 

0.66 

52 

1,59 

79 

4.49 

26 

0.58 

53 

1.65 

80 

4.67 

27 

0.61 

54 

1.71 

81 

4.85 

28 

0.63 

55 

1.78 

82 

5.04 

29 

0.66 

56 

1.86 

83 

5.24 

30 

0.68 

57 

1.92 

84 

5.44 . 

31 

0.71 

58 

2.00 

85 

5.66 


Such a measure for rainfall is proposed in '‘standard rainfair*, 
which represents that amount necessary for good yields of crops on 
w^l! drained fertile mineral soils of average water retaining capacity. 
With such a measure the monthly, semi-monthly, and annual rainfall 
could be ^pressed in times standard which is equivalent to adequacy, 
instead of the present absolute measures, inches and millimeters. 

Similar measures of adequacy of annual rainfall have been devd- 
oped by plant physiologists, soil scientists, and are being devdoped: 
by geographers. Review of, and dtations to, the literature have been 
made by Jenny (1) and Russell (2). None of the measures proposed : 

■ • 594 .’ '?■■■ 
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are adequate for periods shorter than a year, but there is a possi- 
bility of their being adapted for this purpose. Even when adapted 
they could not be used when only temperature and precipitation 
data are available, because they depend on evaporation and humidity 
data. 



Fig. 1. Comparison of standard rainfall and water-holding capacity of the air. 


A simple plan has been used in approximating standard rainfall 
from mean monthly temperatures, starting from 1 inch per month 
at 40 degrees F. mean temperature, and increasing the rainfall with 
temperature according to the Van^t Hoff principle of increasing 

Speed of chemical reactions, represented by 2 when is the 
mean monthly temperature in d^^ F. 

Table I gives the standard rainfall corresponding to mean monthly 
temperatures from 5 degrees to 85 degrees F. 

. The standard rainfall increases geometrically as the temperature 
.increases arithmetically. This same relationship is found between the : 
’^ter holding capacity of air (space) and temperature (3)* The 
the two is. shown, in, Kg. 1 wh^':'the;'twd;'C?u^^ 
'Standard: rainfall increases' 

':'w^|^:|plding,''' 'Due/'to: ev^poiatioh:dcc^ 
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TABLE II — Rainfall Adequacy Analysis for Athens, Ga. 

Annual 

1 

60*09 

30.79 


Q 

43.6 

4.36 

1.14 

(M 

00 

CO 


1 5.15 

2.84 

1.55 

1 1.83 i 

o 

62.0 

. 2.91 

2.33 

1.25 1 

02 

72.7 

3.39 

c6 

05 

d 


78.0 

4.98 

4.32 

ic 


79.0 

5.08 

4.49 

CO 

*—% 

76.7 

4.37 

o 

1 

"s 


70.0 

3.52 

3.18 


< 

60.8 

3.50 

2.22 

00 

to 

rH 


53.2 

5.15 

1.66 

1 3.10 

fe 

44.4 

5.13 

GO 

to 

CO 

'4 


42.5 

4.86 

on 



Meat! temperature (4) 

Mean rainfall (4) 

Standard rainfall 

Ratio mean rainfall to standard rainfall . . | 
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during the daylight periods when the temperature is above the mean, 
the steeper curve of standard rainfall is justified. 

It has not seemed possible to some that a measure of adequacy of 
rainfall would apply to both humid and arid regions. The mean 
monthly temperatures of the growing season are 10 to 20 degrees 



Fig. 2. Regions of annual moisture adequacy of the United States east of 
the Rocky Mountains. 


higher in arid than in- humid regions of the latitude and alti- 
tude. These higher temperatures increase the standard rainfall ap- 
proximately 50 to 100 per cent which corresponds very well to the 
estimates for increased need of water in dry regions. Fig. 2 shows 
the division of the U. S. east of the Rocky Mountains into regions 
of varying annual moisture adequacy. The values given are secured 
by dividing the mean annual rainfall by the summation of the 
standard rainfall for the 12 months. The line 1.0 is where the mean 
annual rainfall is barely adequate for good yields on fertile, drained 
soils. It should correspond to the division line between humid and 
arid regions. 

The rainfall adequacy of any station with mean temperature and 
rainfall valites can be quickly calculated, as Table III for Athens, 
Ga., will indicate. 

This ratio of mean rainfall to standard rainfall, for Athens indi- 
cates there is a great excess of moisture in December, January, Feb- 
ruary, and March, a moderate excess in April and November, a slight 
exqess in midsummer, and a deficiency in September. The actual 
conditions at Athens are very much like the above description when 
the mean monthly rainfall and temperatures are approximately nor- 
mal Similar analyses from Florida to North Dakota and from the 
New England states to California indicate correctly the dry and wet 
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portions o£ the year, corresponding to the published descriptions of 
conditions so far as the writer has been able to determine. 

After the root zone of a soil is wet, a crop will develop normally 
for a certain time without further additions of water, but after a 
while injurious results of drought appear. The name '‘drought 
period'' is suggested for the time normal growth continues. The 
length of a drought can be measured in drought periods instead of 
days without rain. A good approximation of such a measure for 
well drained soils of moderate richness is found in the ratio between 
readily available water for crops in the root zone of a soil and 
standard rainfall. Hill soils about Athens, Ga., have a reservoir 
capacity of approximately 2 inches of water readily available to an- 
nual crops. The standard rainfall in January for Athens is 1.10 
inches and for July, 4.49 inches. The ratios of water-holding 
capacity to standard rainfall for January and July are 1.8 and .45 
respectively. The drought period of one during winter at Athens is 1.8 
months and of one during summer .45month. General observations indi- 
cate a 2-month rainless period in mid-winter at Athens is not more 
injurious than a 2-week rainless period in mid-summer. A rainless 
period of 3J4 months in winter at Athens would normally be a 
drought of two periods duration, while one of months in mid- 
summer would be of about seven periods of duration. 
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Effect of Fruit Thinning Upon Carbohydrate 
Accumulation, Formation of Fruit Buds and 
Set of Bloom in Apple Trees 

By W. W. Aldrich, U. S. Department of Agriculture, 
Washington, D, C. 

JpRUIT thinning of apples has become established as a commercial 
practice for essentially three reasons: (1) more economical re- 
moval of blemished fruit at thinning time than in the packing house 
at harvest time, (2) better size of fruit on thinned than on 
unthinned trees, and (3) increase in the efficacy of spraying against 
codling moth when no apples are left touching one another. There 
is little evidence, however, to show to what extent the vigor of the 
trees and regularity of production can be increased by thinning. The 
works of Haller and Magness (1,2), Magness (3), and Magness 
and Overley (4) with varying numbers of leaves per fruit on ringed 
branches have shown that with an increased number of leaves per 
apple there was increased size of fruit, increased sugar content of 
fruit, and increased fruit bud formation. Such results show that 
the developing fruits make large demands upon the tree for food, and 
that the leaves are of utmost importance in the production of this 
food. 

If thinning the fruit from ringed branches to increase the number 
of leaves per fruit resulted in sufficient food available for increased 
development of the fruit and buds, then a sufficiently early and heavy 
thinning of entire, normal trees should insure available food for in- 
creased development of the whole tree. Increased development 
should mean more growth, more fruit buds formed each year, a 
larger set of bloom, and increased spur and leaf development while 
the tree is producing a commercial crop. To observe the effect of 
thinning upon such features of tree response, thinning experiments 
were ^started in orchards in the Shenandoah-Cumberland region dur-^ 
ing the late spring and summer of 1930. 

Outline of Methods 

Oldenburg, Rome Beauty/,, York and^ 

were carefully thinned to: teaye lapproxinm desired numbers 

of leaves per fruit. The approximate number of leaves per fruit qn 
V adjacent unthinned (check) trees was also determined. From 3 to 8 
;; weeks after the thinning, spur or shoot samples from thinned and 
'Uht^^^^ed trees were preserved in 80 per cent alcohol and later 
sugars, .total Stl^S, ,;and' 

a .very heavy ;blQom^:in;dhe;,spt^ 

'60 per:' cetd::f f 

■ ,'very AH'^'trees; ' 
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10 pounds of nitrate of soda annually. Part of the trees were in an 
irrigation experiment, and the remainder were in adjacent non-irri- 
gated blocks. 

The Rome Beauty trees were also vigorous, and had likewise been 
receiving 10 pounds of nitrate of soda annually. These trees were 
carrying a heavy crop in 1930. Half of the trees used in these ex- 
periments were in irrigated blocks, and half were in nondrrigated 
blocks. 

One block of large York Imperial trees in the King orchard had 
received little or no nitrogen fertilizer for many years, the soil was 
low in organic matter, and the trees were very low in vigor. A sec- 
ond block of trees of similar size in the Miller orchard, which had 
received 5 to 6 pounds of nitrate of soda annually and had cover 
crops turned under during 4 out of 5 years, was moderately vigorous. 
I'he trees in both orchards had received very little pruning. 

third block of York Imperial trees in Tonoloway orchard was 
carrying a moderately heavy commercial crop. The trees termed 
'‘very vigorous’' had been receiving 15 pounds of nitrate of soda 
annually, and the trees termed “moderately vigorous” were in an 
adjacent non-nitrated row. Apparently sufficient roots of these 
non-nitrated trees had entered the adjacent nitrated soil to maintain 
the trees in moderate vigor. These two groups of trees had been re- 
ceiving a heavy detailed pruning each winter. 

The Delicious trees were small and moderately vigorous, had been re- 
ceiving about 5 pounds of nitrate of soda annually, and had been 
pruned very little during the life of the trees. These trees had been 
bearing biennially and had a heavy crop in 1930. 

The per cent of growing points blossoming in 1931 was deter- 
mined and was used as a measure of fruit bud formation. The per 
cent of bloom setting fruit was also determined. Since set usually 
decreased as the amount of bloom increased, such figures did not 
show whether the set, in proportion to the amount of bloom, was in- 
creased by the thinning ; so the product of per cent bloom and per cent 
set, called per cent of growing point having fruit, was calculated. If 
this product was greater for the thinned than for a check tree, the set 
on the thinned tree was considered greater than on the check tree. 

Results Secured 

This brief report will not permit a presentation of the data ob- 
tained, so that only a summary of the results of each experiment 
will be given. 

Oldenburg — ^Two non-irrigated Oldenburg trees were thinned on 
May 11, two weeks after full bloom. One tree was thinned to leave 
about 50 leaves and the other to leave about 100 leaves per fruit. The 
thinning greatly increased the size of the spurs, the leaf area per 
spur, the formation of fruit buds, and the set of bloom, as compared 
with two check trees. Although the thinning did not result in mate- 
rial increases in per cent of carbohydrates, the absolute amounts per 
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Spur was greatly increased as compared with the checks. The total 
3'ield for 1930 and 1931 for the thinned trees was greater than for 
one check tree and slightly less than for the other check tree. 

Two vigorous, non-irrigated Oldenburg trees were thinned on June 
3, removing 86 to 90 per cent of the apples to leave 50 leaves per 
fruit. Two other trees wdth a lighter initial crop were thinned by 
removing 85 to 86 per cent of the apples to leave 100 leaves per fruit. 
Thinning in both cases resulted in increased green weight of the 
spurs, increased starch accumulation in the spurs, increased forma- 
tion of fruit huds, and increased set of bloom the following spring, as 
compared to the checks. Considering relative size of the check and 
thinned trees the total yields for 1930 and 1931 for all four thinned 
trees would be fully as great as for the check trees. Increased yield 
for 1931 equalled the decrease for 1930. 

In the case of the irrigated trees, thinning two trees on June 4 by 
removing 70 to 82 per cent of the apples to leave 50 leaves per fruit 
resulted in a smaller depletion of reducing sugars in the spurs, and 
in the case of one of the trees the thinning increased the formation of 
fruit buds and set of blossoms the following spring as compared 
with two check trees. This thinning of irrigated Oldenburg trees 
did not result in an increased green weight of spurs or increased 
starch accumulation as occurred when the non-irrigated trees were 
thinned. Thinning two trees on June 1 by removing 92 to 95 per cent 
of the apples to leave 100 leaves per apple resulted in increased leaf 
area per spur, less depletion of reducing sugars, increased fruit bud 
formation, and increased set of bloom the following spring, as com- 
pared with check trees. Thinning these irrigated trees caused a re- 
duction of yield in 1930 as compared with the check trees and an 
increase in yield in 1931 of three out of four trees. One heavily 
and one moderately thinned irrigated tree showed a greater total yield 
for 1930 and 1931 than the check trees. 

Rome Beauty — Non-irrigated Rome Beauty trees thinned to leave 
25 leaves per fruit showed a response indicating an underground 
water supply from the irrigated block, and therefore these trees will 
not be considered. Two non-irrigated trees, which were thinned on 
June 16 by removing 76 per cent of the apples to leave 50 leaves 
per fruit, showed increased weight of the terminals and an increased 
accumulation of reducing sugars and sucrose, as compared With the 
check trees. The thinning of these two trees did not result in in- 
creased fruit bud formation, as compared with check trees, but did 
result in greatly increased set of bloom the following spring. Tree 
variability prevents conclusions as to the effect of thinning upon 
yields of non-irrigated trees. 

In the case of the irrigated Rome Beauty trees, removing 40 to 48 
jper cent of the apples from two trees on June 18, to leave 25 leaves 
per fruit resulted in slightly more reducing sugars in the terminals, 
in incri^sed fruit bud formation, and in increase set of bloom the 
following spring, as compared to irrigated check trees. 
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of 76 per cent of the apples from two other trees, on June 16 to 
leave 50 leaves per fruit, did not result in more reducing sugars, but 
did result in increased accumulation of starch, in increased fruit bud 
formation, and in increased -set of bloom the following spring, as 
compared with the irrigated check trees. Thinning these irrigated 
trees to leave 25 leaves per fruit reduced the yield of fruit in 1930 
under that of the check trees, and thinning to leave 100 leaves per 
fruit reduced the 1930 yield even more than did the lighter thinning. 
Although this thinning increased the 1931 yield, as compared with 
the check, the total yield for 1930 and 1931 was increased over the 
check in only one out of four trees. 

York Imperial Trees Bearing a Heavy Crop — In the case of York 
Imperial trees in the King orchard, low in vigor and bearing a very 
heavy crop, none of the trees formed any fruit buds. Removing 
87 per cent of the fruit on June 24 from one tree to leave 100 leaves 
per fruit did not result in the formation of any fruit buds. In the 
Miller orchard, where the moderately vigorous trees were bearing a 
very heav}^ crop, unthinned trees formed no fruit buds, and remov- 
ing 78 per cent of the fruit on June 25, to leave 100 leaves per fruit 
on one tree also did not result in any fruit buds. Defruiting one 
moderately vigorous tree on June 25 increased the accumulation of 
starch, as compared with the check and the thinned trees, but even 
this rigorous treatment did not result in fruit bud formation. Thus 
thinning or defruiting on June 25 moderately vigorous York Imperial 
trees bearing a very heavy crop did not result in fruit bud formation. 

Delicious — Unthinned, moderately vigorous Delicious trees formed 
few fruit buds. Thinning two trees on June 25 by removing SO per 
■cent of the fruit to leave 100 leaves per apple, did not significantly 
increase the formation of fruit buds but did result in greatly in- 
creased set of bloom the following spring, as compared with three 
check trees; Defruiting one tree on June 24 did not result in greater 
fruit bud formation than occurred in the check trees, but did cause 
greatly increased set of bloom. The thinned trees and the def rutted 
tree showed a greater accumulation of sucrose and starch by July 12 
than did the check trees- 

York Imperial Trees Bearing a Moderate Commercial Crop , — In 
the Tonoloway orchard the very vigorous unthinned York Imperial 
trees, bearing a moderate commercial crop, formed more fruit buds 
than moderately vigorous unthinned trees. Thinning both moder- 
ately vigorous and very vigorous trees on June 30 to leave 50 leaves 
fruit resulted in increased fruit bud formation and increased set 

b!^ the iolipwing spring, as compared to the check trees of cor- 
Tesponding vigor, the thinning of the very vigorous trees resulted 
in two to four rimes as m fruit bud formation as resulted from 
similar thinning of trees of only moderate vigor. Thinning 
two moderately vigorous trees on June 29 to leave 100 leaves 
apple resulted in increased fruit bud formation and set of; blopm^fO 
only one tree as compared/tpThe diecfc^>hut;;a;:sih;di^ip 
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very vigorous trees increased the formation of fruit buds and set of 
bloom of both trees as compared with the moderately vigorous trees 
receiving similar thinning, and also as compared with very vigorous 
trees receiving no thinning. The leaf area per spur on very vigorous 
trees thinned to leave 100 leaves per apple was increased over that of 
the very vigorous check trees. Thinning increased the total yields 
for 1930 and 1931 for all the very -vagorous trees, and for three out 
of four of the moderately vigorous trees. 

Discussion 

Although heavy thinning increased in all cases the size and color 
of the fruit, as compared to no thinning, this thinning also showed 
pronounced effects upon the vigor and productivity of the trees. 
Thinning non-irrigated Oldenburg and Rome Beauty trees before 
June 20 resulted in increased growth of the twigs as compared to no 
thinning. Comparable irrigated trees which made more growth than 
non-irrigated trees, did not show such responses to thinning. In some 
cases early thinning resulted in an increase in the size of the leaves, 
as compared with the check. In nearly all cases thinning increased 
the accumulation of certain carbohydrates as compared with the 
check. 

In nearly all cases where trees blossomed the spring following the 
thinning, the thinned trees set more blossoms than the unthinned 
trees. In the case of the Oldenburg, Rome Beauty, and Delicious, 
the: thinned trees that showed an increased set of bloom as compared 
with the check trees, also had shown an increased carbohydrate ac- 
cumulation in three to eight weeks after thinning the previous 
summer. 

The formation of fruit buds was increased by thinning, as com- 
pared with unthinned trees, in 3iine out of ten Oldenburg trees, in 
all irrigated Rome Beauty trees, and in seven out of eight vigorous 
York Imperial trees bearing a moderate crop. Thinning on June 25 
of moderately vigorous Delicious trees, bearing a heavy crop did not 
result in increased fruit bud formation as compared with the check. 
Also, York Imperial trees either in low vigor or in modera.te vigor, 
which were bearing a very heavy crop, formed no fruit buds at all, and 
heavy thinning on June 24 and 25 did not result in the formation of 
any fruit buds. . 

Moderately vigorous York Imperial trees, beating only a moderate 
commercial crop, did form some fruit buds, but very vigorous trees 
showed much more fruit bud forrhation than the moderately vigorous 
trees. Thinning increased this fruit bud formation, the greater in- 
crease following thinning being in the very vigorous trees. The set 
of blossoms on the thinned, very vigorous trees was also greater than 
'|^^^l;^,f:thinned^moderateIy 'vigor .trees. ■ Thusy.thO'yrf^spOits^^:'# 

vigorous 'trees:.';' 
present; time, based-bn 
o'f ■ .vigorous; 
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heavy to result in a surplus of synthesized products from the leaves, 
will usually result in increased fruit bud formation, even if the 
thinning is done as late as July 1. On non-vigorous trees, such in- 
creased fruit bud formation has not occurred. Thinning also greatly 
increased per cent -set of bloom. A detailed report, including the 
second season's work, will be published elsewhere. 
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Effect of Thinning Before the June Drop upon 
Fruit Production 

By F. S. Howlett, Experiment Station, Wooster, Ohio 

'J'HAT the June drop of apples is related to nutritional conditions 
is well known, but the extent to which it can be reduced by ex- 
perimental means has not been definitely reported. In addition the 
effect on size of fruit of thinning before rather than after the June 
drop has been given relatively little attention. 

TABLE I — Relation of Number of Fruits to a Cluster to Abscission 
During the June Drop— Yellow Transparent, 1930 


At Thinning 


After June Drop Qune 18) 

No. Fruits 

1 

No. 

Percent 

Per cent 


Per cent clusters Bearing 


Left per 

Clusters 

Clusters 

Fruits 






Cluster 


with Fn.iits 

Remaining 

No 

1 

2 

3 

4 





Fruit 

Fruit 

Fruits 

Fruits 

Fruits 

1 lateral. . . 

312 

93.6 

93.6 

6.4 

93.6 

— 

— 

— 

2 laterals . . 

339 

96.8 

84.8 

3.2 

24.2 

72.6 

— 

— 

3 laterals . . 

367 

94.8 

70.0 

5.2 

18.2 

40.6 

36.0 



4 laterals. , 

163 

93.3 

54.6 

.6.7 

17.2 

32,5 

38.0 

5.6 


In 1930 over 1100 fruiting points on a large, vigorous 37-year-oid 
Yellow Transparent tree were selected at random and tagged when 
the fruits were slightly over inch in diameter (May 13). The 
fruits were similar in size and three or four fruits had set on each 
cluster base. The fruiting points were partially defruited leaving 
one to four lateral fruits on each. Immediately after the June drop 
(June 18) the number of fruits on each selected cluster base was 
noted (Table I). 

Ninety-four per cent of the cluster bases which were thinned be- 
foi'e the June drop so as to leave but one fruit held this single fruit 
until harvest. With each progressive increase in the number of fruits 
left to a cluster base, the percentage of fruits remaining after the June 
drop decreased proportionately. For example, with four fruits left 
to a cluster, the percentage set was 55. 

These data were similar to those obtained with Grimes Golden and 
Ensee from 1926 to 1928 in connection with other fruit setting studies. 
When clusters of these varieties were thinned before the June drop 
to one fruit to a cluster, 90 or more per cent of the fruits remained. ' 

In 1931 representative trees of Oldenburg, Wealthy, and Red June 
were thinned before the June drop. Two adjacent 38-year-old Olden- 
burg trees (133 and 132) were thinned, one before and one after the 
June dtop. Oldenburg trees 400 and 228 and the Wealthy tree Were 
thinned like Oldenburg; 133 leaving one. or two branches unttoned 
until ^'aftet' the; Ju^ drop. On the tree thinned /befbre^^t^-Jui^'^'^P^^ 
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(133) two branches were not thinned until after this drop. Two* 
adjacent 30-year old trees of Red June of the same vigor were treated 
like Oldenburg 133 and 132, one being thinned before the June drop 
and one after. In all cases one fruit was left to a cluster and the- 
fruiting points were spaced, as far as possible, to not less than 6- 
inches apart. 

TABLE II — Effect of Thinning Before the June Drop upon Abscission — 
Oldenburg, Red June, Wealthy, 1931 


Per cent Fruits After June Drop 




Oldenburg 


Red June 

Wealthy 


133 

Thin- 

ned 

Before 

132 

Un- 

thin- 

ned 

’^400 

Thin- 

ned 

Before 

228 

Thin- 

ned 

Before 

499 

Thin- 

ned 

Before 

500 

Un- 

thin- 

ned 

290 

Thin- 

ned 

Before 

Thinned portion 

Emits at ran Horn 

99.2 

99.2 

96.0 

34.0 


92.9 

87.6 

86.6 

48.3 

97.0 

88.3 

98.6 


98.6 

92.5 

95.1 

33.8 

Branoh 1 



Tlrftnp'h ^ 




Unthinned portion 

Fruits measured 

51.8 

42.0 

62.9 

72.9 

Branch 1 

47.9 

42.6 

21.5 

16.1 

29.1 

34.9 

14.7 

Branch 2 

25.1 

22.6 

1 

— 

32.4 

38.5 

— 


UntMnned portion 
Branch 1 

0 fruits 

1 fruit 

2fnuts 

3 fruits 

4fnnts 

Branch 2 

0 fruits 

1 fruit ....... 

2 fruits 

3 fruits. ...... 

4 fruits 


Per cent of Clusters Bearing 0-4 Fruits After June Drop 


8.2 

25.7 


55.6 

31.0 

29.3 


23.5 

17.4 

— 

27.2 

39.8 

45.0 

— 

35.0 

25.6 

— 

13.8 

20.1 

21.5 

— 

23.5 

23.2 

— 

2.4 

6.7 

3.8 

— 

9.8 

8.1 

— 

1.0 

2.4 

0.4 

— 

43.5 

41.7 

55.8 



39,0 

28.3 



•32.6 

38.0 

30.5 

— 

41.5 

47.1 

— ^ 

12.9 

17.4 

11.4 

— 

10.5 

19.3 

— 

9.1 

2.9 

1.8 

— 

3.0 

3.4 

— 

1.9 

0.0 

0.5 

— 

0.0 

0.9 

— 


In Table II is given the percentage of fruit which remained through 
the June drop on the thinned and unthinned branches and trees. On 
Oldenburg 87 to 99 per cent of the thinned fruits remained through 
the June drop, while on the unthinned portions only 16 to 52 per cent 
of the fruits survived this abscission period. On Wealthy 92 to 99' 
per cent of the fruits left after thinning remained on the tree at ma- 
turity while only 14 to 34 per cent of the fruits on the unthinped 
branches held throughout the June drop. On the Red June tree 
thinned early 99 per cent of the fruits remained at harvest while on 
the unthinned tree only 29 to 73 per cent of the fruits reimained after 
the June drop. 

It is evident that thinning before the June drop, by removing the 
competition between the adjacent fruits on the cluster base^ 
eliminated the June drop. The very small abscis^toh of the f rui|& 







TAfiLB III — Increases in Weight of Apples Thinned Before, Relative to those Thinned After, the June Drop, 1931 
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on the thinned branches indicated the predominant importance of 
competition for food and water as the factor influencing the severity 
of the June drop. 

Table III presents the comparative circumferences on June 24 and 
September 3 of the apples on the branches a!nd trees thinned before 
and after the June drop. In all cases on June 24 the fruits on the 
portions left unthinned had not increased in size as much as the fruits 
on the thinned branches and trees. Statistically the differences were 
decidedly significant. The thinned fruits were from 1.1 to 1.7 cm. 
greater in circumference, a range which represented a 25 to 50 per 
cent greater increase in volume through the June drop period. 

On one Oldenburg tree and on the Wealthy tree the fruits on the 
portions left unthinned until after the June drop caught up with the 
fruits on the early thinned branches by harvest. On the remaining 
Oldenburg trees, however, and on Red June tree 499, the fruits on 
the portions thinned early were still decidedly larger at harvest than 
those on the branches thinned late. These data suggest that the use 
of unthinned branches on trees, the greater portions of which are 
thinned, may be subject to considerable error since there was evidence 
that the fruits on an unthinned branch tend to be influenced by the 
adjacent thinned branches. It is more by comparison of the fruits 
on the early thinned trees with those on the late thinned trees that 
the difference in size due to early thinning is clearly evident at har- 
vest. These data are given in Table IV. 

In this table, data are presented concerning the size of fruit at the 
various pickings of paired Oldenburg and Red June trees, one of 
which was thinned early and one late. In both varieties a greater pro- 
portion of the fruit at the early pickings on the trees thinned early 
was large. On the Red June tree thinned late only 0.4 per cent of the 
total weight of the fruit was above 2^ inches diameter, while 11 per 
cent was over this size on the tree thinned before the June drop., 
Furthermore, in Red June, which is normally a small-fruited variety, 
only 30 per cent of the total crop on the tree thinned early was 2j4 
inches diameter while more than half on the tree thinned just after 
the June drop was under this size. Palmer (1) reported data in the 
annual report of the Sumnierland Station indicating that in Olden- 
burg and Yellow Transparent fruits on trees thinned before the June 
drop were of greater size at harvest than those on trees thinned after 
all dropping had ceased. 

It is also to be noted that there was a much greater total crop in 
pounds on the trees thinned jearly than on those thinned late. This 
may be due to the fact that a more even distribution of fruiting 
points could be made in the early than in the late thinning. 

Literature Cited 
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Results of Some Experiments in Pruning 
Young Apple Trees 

By T. J. Talbert, University of Missouri, Columbn, Mo. 

'J'HE present investigation was undertaken to determine some of the 
effects upon young apple trees when given the following treat- 
ments, namely, no pruning, light pruning, and heavy pruning. The 
pruning studies began at the time of planting, April 15, 1923. 

One lot of 21 trees was unpruned but otherwise was given the 
same treatment as the other trees. Another lot, consisting of 16 
trees, was pruned at planting time to the modified leader system. A 
third lot of 13 trees was pruned to the open center system. The two 
types of pruning and training, were continued each year to 1930, 
inclusive. 

The trees were planted in rows 24 feet apart and IS feet apart in 
the row. For comparison, 2 trees of each variety were planted to- 
gether in most cases, and each received different treatments as regards 
pruning, namely, either no pruning, pruning to modified leader sys- 
tem, or pruning to open center system. Each year the pruning was 
done during late winter or early spring. When the final data was 
taken, December 1931, the trees represented typical specimens of the 
three treatments used. 

As is well known, the open center system of pruning required rather 
heavy cutting. The modified leader type required considerably less 
pruning back of the central leader. The only pruning treatment 
which the unpruned trees received consisted of the removal of suck- 
ers from the base of the tree trunks. 

During the nine seasons of growth, 1923 to 1931 inclusive, the 
spaces between the tree rows were cultivated. Until the last two 
years the orchard was inter-cropped with truck crops and vegetables, 
like cabbage, tomatoes, beans, melons, potatoes, and the like. In 1930 
and 1931 two of the spaces between the rows were set to straw- 
berries. None of the trees were fertilized during the investigation. 
From one or two, to four or five spring and summer sprays have been 
applied each year. Dormant sprays have been made when necessary 
to keep San Jose scale under control. 

As the trees are just coming into profitable bearing no accurate 
Tecord has^ b^ as to the amount of fruit produced from the 
trees subjected to the different types of pruning treatment. It has 
been evident, however*, that the with no treatment have, in gen-., 
eral, come into bearing somewhat earlier and have produced more 
fruit. This was particularly true in 1931, when the largest crop was 
harvested. ' ; / 

The unpruned trees, haying greater height and spread, may be 
readily distinguished. Moreover, it is ea$y to locate the p 



TABtriD I, Growth Made by Pruned and Unpruned Trees from Time of Planting 1923-31 
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to the modified leader system, as they are intermediate in height and 
spread between the unpruned and open center trees. 

Close examination of the unpruned trees shows that the branches 
are so thick that already some fruit spurs and small limbs are dying 
due to lack of sunlight. Moreover, the fruit produced in 1931 in 
the center of the unpruned trees was very poorly colored. It is 
true, also, that future fruit on these trees is likely to be borne largely 
on the periphery. 

TABLE II — Summary of Growth Made by Pruned and Unpruned Trees, 

1923-1931 


Treatment 

Ave. Height 
(Feet) 

Ave. Spread 
(Feet) 

Ave. Trunk 
Circum, 
(Inches) 

No pruning 

17.0 

18.3 

20.9 

Modified leader 

15.3 

16.3 

17.2 

Open center 

13.5 

14.3 

16.9 


Discussion 

A study of the data presented, covering nine growing seasons, 
shows that the heaviest type of pruning, (open center) had the great- 
est dwarfing effect on growth as measured by height and spread of 
tree tops and circumference of trunks. Pruning less heavily (the 
modified leader system), produced a marked increase in growth as 
measured by the same standards. Unpruned trees made substantially 
stronger growth than the trees pruned to the open center or modified 
leader s}^stem. 

Results quite similar to those given in this paper have been re- 
ported ti*om California (7), New York (3), West Virginia (1), 
and Indiana (4). In England, Pickering (2) has reported findings 
comparable to these. Both Indiana (4) and Oregon (6) have pub- 
lished investigations dealing with pruning, and the results obtained 
agree, in general, with the findings reported in this paper. 
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Tabular Biometrical Presentation of Pruning Treatments 
with Apple Trees 

By Fred W. HofMann., Virginia Agricultural Experiment 
Station, Blacksburg, Virginia 

JpOR the purpose of studying the effects of different pruning treat- 
ments upon York Imperial and Stayman apple trees, an experi- 
mental plat was set out by the Horticulture Department of the Vir- 
ginia Agricultural Experiment Station in the spring of 1915 near 
Blacksburg, Virginia. Respective plat series for the following treat- 
ments were maintained: 


TABLE I — Growth and Yield Responses of Apple Trees to Different 
Pruning Treatments 


Comparison of 

Mean Trunk 
Growth 

In Favor of 

Gain 

Student 

Kinds of Pruning 

Increase 

(inches) 

Odds 


(inches) 




York Imperial 


High-head 

Low-head 

1.5 

2.0 

Low-head 

.5 

Infinite 

Heavy 

mBm 




Light 

■9 

Light 

.1 

Infinite 

High-head 

1.5 




Non-pruned 

2.1 

Non-pruned 


lOtol 

Heavy 

1.7 




Non-pruned 

2.1 


A 

8tol 

Light 

1.8 




Non-pruned 

.9 

Light 

.9 

51tol 

Low-head 

2.0 




Non-pruned (1) 

1.9 

Low-head 

.1 

ltd 

Low-head 

2.0 




Non-pruned (2) 

2.1 

Non-pruned 

.1 

3tol 

Dormant 

2.1 




June 20 

1.6 

Dormant 

.5 

169 to 1 

Dormant 

2.1 




August 20 i 

1.7 ! 


A 

49tol 

Dormant 

2.1 




October 20 i 

1.7 

Dormant 

A 

21tol 

Dormant 

mM 




NTnin J-nWin Ari 



' _ 

. 





''Junei^O'.''. 

1.6 




Nohrip^hed (1) . — 

2.1 . 

Non-pruned 

,5 

9 to 1 
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TABLE I — Continued 


Comparison of 

Mean Trunk 
Growth 

In Favor of 

Gain 

Student 

Kinds of Pruning 

Increase 

1 (inches) 

(inches) 

Odds 


York Imperial 


June 20 

Non-pnmed (2) 

1.6 

2.0 

Non-pruned 

.4 

Stol 

August 20 

1.7 




Non-pruned 

2.0 

Non-pruned 

.3 

73tol 

October 20 

1.7 




Non-prtmed 

2.0 

Non-pruned 

.3 

5 to 1 


Stayman 


High-bead 

Low-head 

1.6 

1.7 

Low-head 

.1 

3tol 

Heavy 

1.9 




Light 

1.4 

Heavy 

.5 

111 to 1 

High-head 

1.6 




Non-pruned 

1.6 


- 

— ^ — 

Heavy 

1.9 




Non-pruned 

1.6 

Heavy 

.3 

13tol 

Light......... 

mm 




Non-pruned 


Non-pruned 

.2 

16tol 

Low-head 





Non-pruned 

1.8 

Non-pruned 

.1 

Itol 

Dormant 

2.0 




June 20 

1.6 

Dormant * 

A 

123 to 1 

Dormant 

2.0 




August 20 

1-7 

Dormant 

.3 

83tol 

Dormant. 

2.0 




October 20 

1.4 

Dormant 

.6 

22 to! 

Dormant 

2.0 




Non-pruned 

1.9 

Dormant 

.1 

3to 1 

Jime20 

1.6 




Non-pruned (1) 

1.9 

Non-pruned 

.3 

17tol 

June 20. 

1.6 




Non-pruned (2) 

1.7 

Non-pruned 

i -1 

207tot 

August 20 

1-7 




Non-twruned 

1.7 








October 20 

i ' 

1.4 




Non-pnmed . , . 

1-7 

Non-pruned 

.3 

;■■■ xtoi" 
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York Imperial 


Comparison of 

Kinds of Pruning 

Mean Yield 
Per Tree 
(Pounds) 

I 

In Favor of 

Gain 

(Pounds) 

Student 

Odds 

High-head 

173 


1 


Low-head 

236 

Low-head 

163 

9tol 

Heavy 

141 




Light 

230 

Light 

89 

14 to! 

High-head 

173 




Non-pruned 

334 

Non-pruned 

161 

3tol 

Heavy 

141 




Nou-pruned 

334 

Non-pruned 

193 

294 to 1 

Light 

1 230 




Non-pruned 

136 

Light 

94 

6 to 1 

Low-head 

226 




Non-pruned 

376 

Non-pruned 

160 

19tol 

Dormant ... 

186 




June 20th 

138 

Dormant 

48 

5to 1 

Dormant 

186 




August 20th 

166 

Dormant 

20 

7toT 

Dormant I 

186 




October 20th | 

216 

October 20th | 

30 

2tol 

Dormant 

186 




Non-pruned 

223 

Non-pruned 

37 

6to 1 

June 20th. 

138 




Non-pruned (1) 

223 

Non-pruned 

86 

55tol 

June 20th 

138 




Non-pruned (2) 

310 

Non-pruned 

182 

164, to I 

August, 20th 

166 




Non-pruned i 

310 

Non-pruned 

144 


October 20th 

216 


■ ■ '.'f . ' ' 

■■ 

Non-pruned 

310 

Non-prttped 

: .j 

-il'tb'l: 




High-head . 

Low-head. 

203 

; Low-head 

46 

70 to 1 

Heavy. i . . w 

Light...,....,. 

192 

263 

Light 

71 

?9tol 

:Btigh;X. 



203 

296 

Non-prun^ 



. . 

192 

296 

'Nph-prune^.;;; ' 
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TABLE I — Continued 


Comparison of 

Kinds of Pruning 

1 Mean Yield 

1 Per Tree 

1 (Pounds) 

In Favor of 

Gain 

(Pounds) 

1 

Student 

Odds 

Stayman 

Low 

35S 




Non-pruned 

314 

Low-pruned 

44 

8 to 1 

Dormant 





June 20th 


Dormant 

104 

lltol 

Dormant 

295 




August 20th 

220 

Dormant 

75 

17 to 1 

Dormant 

295 




October 20th 

232 

Dormant ! 

63 1 

4tol 

Dormant 1 





Non-pruned 


Dormant 

IS 

Ito 1 

June 20th 

191 1 




Non-pruned (1) 

277- 

Non-pruned 

SO 

151 to 1 

June 20th 

191 




Non-pruned (2) 

408 

Non-pruned 

217 

037 to 1 

August 20th 





Non-pruned 

408 

Non-pruned 

178 

1285 to 1 

October 20th 

232 



' 

Non-pruned 

408 

Non-pruned 

170 

203 to 1 


(1) Low-head, (2) High-head, (3) Heavy, (4) Light, (5) Dor- 
mant, (6) Early spring, June 2Dth, (7) Early summer, August 20th, 
(8) Late fall, October 20th, and (9) No pruning (six plats), to serve 
as checks- 

In the low-head plats the trees were allowed to develop scaffold 
branches from 15 to 20 inches from the ground and in the high-head 
plats not lower than 3 to 4 feet. 

A relatively greater amount of growth was removed from the trees 
in the heavy pruned plats as compared to those in the light pruned. 
In the light pruned series, growth removal was generally confined to 
any tendency towards undesirable competition, various injuries and 
incorrect spacing. Both the heavy and the light pruned trees were 
pruned during the winter when the trees were in the dormant con- 
dition. 

The trees in the dormant series were pruned during the open days 
of winter. Six sets of trees that will be referred to as non-pruned 
were left unpruned to serve as- checks. These trees were permitted 
to develop at random. 

Pruning in early spring or June 20th, early summer or August 20th 
and late fall or October 20th consisted in a general corrective removal 
approximately for these dates. 

Annual trunk growth increases were recorded for the past 15 
years and the yields for the past 8 years. Thei results of these data 
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subjected to a biometrical analysis are presented herewith, in tabular 
form. 

Low-head pruning shows a gain of 160 pounds per tree of apples over 
high-head in York Imperial. Although this yield gain is favored by 
Student odds of only 9 to 1, it is supported by the half -inch gain 
in annual trunk increase, with the odds infinitely in favor of the 
latter. It may be considered not of significance^ but it is given fur- 
ther weight in its favor when the favorable responses in Stayman 
for this treatment are also taken into consideration. In the latter 
variety there is a significant gain of 40 pounds of fruit in favor of 
the low-head treatment. For growth response in Stayman the 1.1- 
inch gain in favor of the low-head treatment is not significant. Just 
the same, a prevailing consistency for this treatment wdth the signif- 
icant odds in its favor in at least two responses obviously establishes 
biological significance in favor of the low-head type of pruning. 
Judging from such results the chances are very much in favor of 
securing better growth responses and higher 3rields with low-head 
type of pruning under these same conditions. 

Light pruning in York Imperial shows a gain of 89 pounds of 
fruit over heavy pruning. With odds of 14 to 1 this would not be 
considered a significant gain mathematically. However, the chances 
that this treatment would generally show higher yields under simi- 
lar conditions over heavy pruning, are increased with the significant 
gain of 71 pounds of fruit in Stayman. Furthermore, the lightly 
pruned trees show these gains even with a topography favoring the 
heavily pruned plats. 

No measurable differences had shown up between the low-head 
and the non-pruned treatments in either York Imperial or Stayman 
until the last three years of the experiment when the low-head 
treatment showed gradually increased responses in yields. This of 
course, is not brought out in the tables which cover the entire 
period of the experiment. 

Non-pruning in York Imperial shows a significant gain of 193 
pounds of fruit over heavy pruning and a significant gain of 104 
in Stayman. This is particularly interesting in that the non-pruned 
trees are in a somewhat less favorable* topography. 

Light pruning treatments in both York Imperial and Stayman 
showed gains over the non-pruned trees. These gains are not 
mathematically significant but the chances that this treatment may 
show the higher responses under similar repetitions are increased 
because gains for this treatment show up in both varieties, along 
with significant gains in growth in York Imperial. 

Although the dormant pruning series show consistent gains in 
yields and growth both for York Imperial and Stayman over the 
series pruned June 20th, August 20th, and October 2pth j allowance 
must be made for the topography that slightly favored the dor- 
-mant'series. \ 

?Siy^ificahce will be used in this discussion in its biometrical inching. 
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There is a significant yield gain throughout for both York Im- 
perial and Stayman favoring the non-pruned trees when compared 
with those pruned on June 20th, August 20th, and October 20th. 
The non-pruned trees very likely would have shown up still better 
if they had been in a topography as good as any of those with 
which they were just compared. 

Judging from the results secured as presented herewith in tabu- 
lar form, the chances are very good in an avei*age Virginia apple 
orchard during the first IS years to show yield gains as follows : (1) 
Low- over high-head; (2) light over heavy and { 2 )^ non-pruned over 
heavy, June 20th, August 2(>th, or October 20th. Considering these 
results from a practical standpoint, the higher yields are to be ex- 
pected from the lower headed trees that are kept pruned with in- 
telligent moderation during the dormant period. 



A Comparison of Different Methods of Taking Samples of 
Apples in Experimental Plots 

By M. J. Dorsey and R. L. McMunn, University of Illinois, 

Urbana, IlL 

JN this study an attempt has been made to test the accuracy or re- 
liability of some of the different methods of taking samples where 
it is desired to compare one treatment with another by determining 
the effect of each upon the size of fruit. The Jefferis trees under 
study were 29 years old and averaged about 30 feet in height and 25 
feet in limb spread. The fruit on the different trees varied greatly in 
size, some trees producing a. larger proportion of the smaller sizes 
than others, so that it may be said that the usual variations between 
trees in an orchard were present in this instance. 

The Different Samples Taken for Comparison 

TJw ZO-fruit sample: In taking this sample the crop on the tree 
was studied carefully and 20 fruits which seemed to give a propor- 
tional representation of the different sizes on the tree were selected 
from the lower branches around the tree, within reach from the ground. 
In other words, there was a conscious effort to fit the 20-fruit sample 
to the crop. 

The 100-fruit sample: Next, a 100-fruit sample was selected in the 
same way as the 20-fruit sample. 

The individual Kmb sample: In selecting the single limb sample, an 
attempt was made to find a limb on which the fruit ranged in size 
in about the same proportion as that on the remainder of the tree. It 
may have been located anywhere on the tree, the object being to select 
a typical limb rather than one from any particular location. All of 
the apples on the limb and those that dropped from it during picking 
were included in this sample. 

The vertical section : In picking this lot a ladder was placed against 
the tree (on the north side, except with two) and the fruit pidcedM 
far as could be reached conveniently to the right and left (appr<ixi- 
mately 7 feet), from the top to bottom to This 

sample was taken after the the; tOPrfruit, and the 

Kmb lots had been piqk^: ah4 ^ fruits knocked off -dr 

dropped by the pickers limits of the sample. 

The 200-pQmd sample: This sample was taken after the fruit bid 
been placed in the storage in capped and lidded bushel baskets^ Five; 
. baskets of fruit were picked at random from the lots for 
Japd /though fruit removed from one basket to ^ju^t tbe^ 

^ weight giv^ to/T3ble:l.'!;f6f;thiS;;;l^ 

to the ^variation iff^^gtobf sOftfeJbt 




TABLE I — Yield in Number and Weight of Fruit for the Different Sizes and Samples 
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107,4 1 379.1 1 238.0 1 40.0 « S5S.2 
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Weight of Fnut in the Different Sizes (Pounds) 

Total 
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The remainder: After all of the different samples had been picked, 
the remainder of the crop was harvested and the fruit from each 
tree kept separate. It was from this lot that the 200-pound samples 
were taken. 

The drops: Before the picking started, all fruit wliich had fallen 
thus far was raked away, so that the drop sample included only those 
apples which fell or were knocked off by the workmen in harvesting 
the remainder of the crop. The fruit in this sample varied in quan- 
tity, but it seemed desirable to determine how nearly the drops repre- 
sented a random sample. 


The Grading 

The apples picked for the different samples were all run over a 
^^''ayland grader. The fruit above 2 inches was divided into the dif- 
ferent size lots by this machine, and that below 2 inches in diameter 
was run over a specially constructed grader for the two smaller 
classes. In operating the graders, care was taken to see that every 
fruit was sized according to the diameter perpendicular to a line 
from stem to blossom end, i.e., the “flat” diameter. Both machines 
were very accurate in separating the fruits into lots varying by 
inch intervals. 

The accuracy of the grading was tested by determining the aver- 
age size of fruit for each class in all of the different samples. In a 
table prepared in this way there were only two instances in which 
the average size of fruit in a smaller grade exceeded that in the grade 
larger, and both of these were in the smaller sizes where only a few 
fruits were involved. 

The Yield Per Tree 

In order to give a better idea of the conditions under which this 
study has been made, the record of the number and weight of fruit 
in each size and for each sample has been brought together in Table I. 
From this it will be noted that totals for number and weight are the 
summation of the seven different samples in each class. 

This year (1931), on account of the unusually heavy set, tHef^ 
appeared to be an excess of fruit in the smaller sizes on some tr^' 
Tree 28, a check tree which has not been p^hei^ or ferffl^ 
three years, was purposely included in ;prder:ftO" t^^ 
methods of taking sample^ Under a 

Method of CoHPARfiTG the Different Samples , 

There are a nunibdr of different methods of comparing the dif^ 
ferent samples with the entire crop of each tree which might have 
been used. Within the limits of this paper, however, ft has seemed 
J'^vis^le to use only one of' these, .'the ,""(jk>odnesS;:,pf;;'f|t;'''';'"^^ 
by, mathematicians. to, determine 
^ approaches ;the' total 

'are the„hj^s'''of '-the 
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the value of P is high, i.e., approaches unity, the sample taken repre- 
sents or fits the population closely ; when low, the fit is poor. Since 
Goodness to Fit is discussed in a number of texts on biometry, it does 
not seem necessary to present the method here in detail. The values 
for P in Tables II and III are based upon the percentage of fruit in 
the different samples for both number and weight — ^the observed 
reading, 0, of the formula — using the percentages of the totals of 
each size or class as the calculated, or C, value. In this instance the 
fit may provisionally be looked upon as significant when the value 
of X“ does not fall above three or four. 

Goodness of Fit of the Different Samples 

Based upon the number of fruits: In Table II the value of P for 
each method of taking samples has been brought together under each 
tree number. Briefly summarized, it will be seen that of the different 
inethods of sampling, the 2(X)-pound sample and the sample represent- 
ing the remainder of the fruit on the tree are best. The 20-fruit 
sample is fairly representative for Tree 7, but it is evident that wfith 
so few fruits even a conscious attempt to pick a representative sample 
is not often successful. The 100-fruit lot, selected in the same way, 
is but slightly more successful, and the single limb selection falls in 
about the same category. Likewise, with the drops which would be . 
expected to approach a random sample, especially if the quantity 
were sufficient, the Goodness of Fit is generally quite low and erratic. 

In view of the quantity of fruit picked from the different trees in 
the vertical sample (72-150 pounds) this sample would be expected 
to be superior to those including fewer fruits. It is on the whole 
quite inconsistent when compared with the 200-pound lot. Of the 
different samples compared, therefore, it would seem on the basis 
of this analysis, which is based upon the number of fruit in each class, 
that it would be necessary to use a method which would include a 
considerable proportion of the crop in order to be sure that a given 
treatment was being accurately evaluated. 

Based upon the weight of fruit: Since it is feasible either to weigh 
or to count the apples picked in taking samples, it seemed advisable 
in this study to make comparisons by both in order to determine their 
relative accuracy. Accordingly, as for number, the value of P in the 
different samples by weight has been calculated (Table II) . 

It may be stated, without going iiito detail, that the different 
methods of sa:mpling have about the same rating when the values for 
P are based upon weight as when based upon number. It seemed, 
before making the calculations, that the arrays based upon number 
were unbalanced for some of the trees (see Table I) and for that 
reason the rating of the different samples by weight would be more 
accurate, but the difference is apparently not significant. Since weigh- 
ing takes less time than counting, this method of recording the quan- 
tity of fruit in the different classes is to be preferred if both cannot 
be bbtained. 
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Based upon plot samples: So far the different samples have been 
compared tree by tree. Suppose that these eight trees composed a 
single plot and that it was impossible to grade or size all of the fruit. 
The question is : Can a sample of some kind be token which will give a 
fairly accurate index of the influence of a treatment upon size of 
fruit? The different samples from each tree have been combined, 
kind for kind, into a single plot sample. The conditions would seem 
to be met, therefore, for testing the accuracy of the different samples 
on a plot basis. The value of P for the combined samples are sum- 
marized in Table HI. 


TABLE III— The Value of P for Each of the Eight Different Samples 
Combined to Test Their Relative Accuracy or Fit on a Plot Basis 


Value of P 

Kind of Sample 

20- 

fruit 

100- , 
fruit 

Single 

Limb 

Vertical 

Sector 

200- 

pound 

Remainder 
of Fruit 
on Tree 

Drops 

By number 

By weight 

.000 

.037 

.013 

.037 

.851 

.017 

.160 

.161 

.862 

.854 

.955 

,956 

.239 

.436 


From this table it will be evident that the different samples have 
about the same rating as in the individual tree tests. It is rather sur- 
prising to find the single limb sample of only 192 pounds and the 604 
pounds of drops approximating the total more closely than the ver- 
tical sample in which there was 885 pounds of fruit. A study of the 
distribution of the fruit in Table I will show that in the vertical 
sample the proportion of the smaller sizes seems to be too large, 
especially in the case of fruit number. In this instance the value of 
P based upon weight would seem to be somewhat more accurate. 

The final rating of the nearness of the approach of these different 
methods of taking samples in measuring a plot treatment is approxi- 
mately as follows : The remainder of the fruit, the 2(X)-pound sample, 
and the single limb selections. The vertical sample did not seem to 
approach a random selection constantly enough to be reliable. The 
other methods of sampling were not consistent, but in some instances 
approximated the true sample sufficiently closely to be representative. 

Conclusions 

By using the Goodness of Fit as a criterion, the fit, or accuracy, of 
one method of taking samples can be compared with another. From 
thes^ studies it would seem that '‘conscious attempts’" to select small 
representative sam^^ are unreliable and that those methods which 
most nearly approximate a random sample should be used. Of the 
(iifferent methods te^ed in this study the 2(X)-pound sample, on ac- 
: count of its convenience, would be most usable if the entire crop 
could not be sized or graded. 




Variations in Shape of Bartlett Pears 

By P. Tufts, and C. J. Hansen, University of California, 

Davis, Calif. 


^ N K of the most important requirements in the making of a satis- 
factory delivery of Bartlett pears to Pacific Coast canneries is 
that the fruit be ^^well formed/* The Northwest Canners Associa- 
tion, in its 'T931 Standards for Pears for Canning/’ states ''Well 
formed means that the pears shall have a shape characteristic of the 
variety, of a length not less than 11/3 times the diameter of the 
pear, and which shall cut into two well formed peeled halves/* Any 
fruit not meeting this requirement as to shape was accepted only as a 
“cull/* The requirements of the California canners were not so 
drastic inasmuch as deliveries were required to average 1J4 times 
as long as broad, and no pear less than lj4 times' as long as broad 
was accepted as other than a cull. The question of "‘apple-shaped** 
or “short** Bartlett pears has become of increasing economic im- 
portance to Calif ornia growers during the past several years. Some 
orchardists have had as high as 25 per cent of their crops graded as 
culls on account of the pears being too short. 

This problem has been attacked by the establishment of definite 
experimental plots where the influence of such factors as root- 
stocks, pruning, irrigation, and fertilizers are being studied and by 
a survey of some 20 pear growing sections of California, Oregon, 
and Washington, with the hope that it might be possible to corre- 
late some common factor existing in these different districts with 
the shape of the Bartlett pear fruit. These studies were initiated in 
the spring of 1930 and enlarged in scope during the 1931 season. 

During the season of 1931 representative samples of fruit from 
orchards in 20 different pear sections of the Pacific Coast were 
measured and ratios of maximum length to maximum transverse 
diameter determined (L/D ratio). In practically every orchard 100 ; 
fruits, 10 pears from each of 10 'trees, were 
briefly summarized in Table ■I'-;;;.':'' ' 

A clearer appreciation of'Truit; 

will be gained:lrbih>anv':ii^^ These :;fruit^^^|;:;feav 

practically the sajihe but with length-tb/diam- 

eter ratios varying froth' ^ 1 is a typical 

shaped” Bartlett withpht neqk and not quite long enough to he ac^ 
ceptpd by the California canneries in 19M. Pear No, 2 has 
rati:o";hf;''l'.22\'and;is just, under the '1931. requirei;n!^t:^^^ 
/fornihbshneries'''^ Bartlett^ pears '.must averag^:|ipilln|^^:^ 

^ ;ts', .rehitiyd^ ;littlp:10h^i^^^ 



TABLE I— Length to Diameter Ratios of Bartlett Pears (Pacific Coast Pilvr Districts, 1931) 
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No. 4 is a, typical Bartlett of certain districts in the Pacific North- 
west 

The data presented in Table I show that there is a great difiference 
in the relative length of Bartlett pears in various pear growing 



Fig. , t Drawings of longitudinal sections of Bartlett pears showing typical 
length to diameter ratios (x 2/3). 




630 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

sections. This fact has also been pointed out by Putterill (1) for 
South African districts. It is likewise to be noted that in addition 
to the Antelope Valley in Los Ang-eles county and Placer county 
that those portions of San Benito, Santa Qara, Alameda, Contra 
Costa, Solano. Sacramento, and Yolo counties located near San 
Francisco Bay, or where ocean influences prevail, produce the short- 
est fruits. It may be stated that with a few exceptions the longest 


TABLE II— Effect of Age of Spur on L/D Ratio of Bartlett Pears 


Orchard 



Root- 

stock 

Age 

Years 

Pruning Treatment 

L/D 

Ratio 

Danielson 

Suisun 

1931 i 

French 

30 

Old^ spurs re- 
moved 

1.32±.006 

Danielson. . . . 

Suisun 

1931 

French 

30 

Young^ spurs re- 
moved 

1.21 ±.006 

McConaghey. 

Hayward 

1931 

French 

12 

Old spurs re- 
moved 

Young spurs re- 
moved 

1.22ifc.008 

McConaghey. 

Hayward 

1931 

French 

12 

L13±.006 

McConaghey. 

Hayward 

1930 

French 

11 

Old spurs re- 
moved 

1.16±.008 

McConaghey. 

Hayward ! 

i 

1930 

French 

11 

Young spurs re- 
moved 

1.12±.008 

P.H. Buck... 

Vacaville 

1931 

French 

30 

Old spurs re- 
moved 

1.31±.007 

P. H. Buck...! 

1 

Vacaville 

1931 

French 

30 

Young spurs re- 
moved 

1.30±.007 


iPive or six years aod older. ®Less than five or six years. 


fruit is found at the higher latitudes. It is the common experience 
of fruit packers that it takes at least 180 Bartlett pears 2^ inches 
in diameter^ as grown in the Sacramento delta, to make a 52-pound 
pack in a standard pear box, 163 pears in Lake county or Medford, 
Oregon, and only 150 pears of the same variety and diameter in 
Yakima, Washington. These experiences of the fruit packers are 
verified by the ratios secured in these districts. 

Growers of Bartlett pears in those districts immediately adjacent 
to San Francisco Bay have experienced the greatest difificulty with 
short pears. The orchard of Mr. E. A. Nelson near Santa Clara 
is in one of these short pear districts. This orchard, possibly, 35 
to 40 year^ ,of age, has always had the reputation of producing 
higb quality canning fruit of good length (Plate I). During the 
season of 1931 this orchard had an average L/D ratio of 1.42. 
Some JS yeat^ also of . Santa Qara planted a 

Bartlett pear orchard which has cansistently produced long fruit. 
In 1931 thqv^ latter orchard was 1*36. llpon iw^ 

gation it was buds for the pehnet^^^ 

secured from the Nelson orchard! hy, the jdekson Nursety; of Santa 









Plate I. Pear A is a well grown Santa Clara Valley Bartlett considerably above the average 
in length for the district. Pear B is a “Nelson Bartlett” grown in the same district ai 
fruit A. Compare the relative lengths. 
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Clara. It seems reasonable to suppose that these two orchards since 
they produce fruit distinctly different in shape from that of all the 
other Bartlett orchards observed in the same section are of a dis- 
tinct '‘strain.'’ No early history of this supposed "sport" could be 
' secured. On the other hand, Mr. Arthur Karr of Yakima, Wash- 
ington, has a Bartlett tree on which for a number of years one 
“sport" branch has produced larger and relatively shorter pears 

TABLE III — Length to Diameter Ratios of Bartlett Pears in Relation 

TO Rootstock 


Orchard 

Location 

Year 

Rootstock 

Age in 
Years 

L/D Ratio 

Pyle 

San Benito County 

1930 

French 

15 

1.26±.011 

Pyle 

San Benito County 

1930 

Japanese 

15 

1.05±.009 

Pyle 

San Benito County 

1931 

French 

16 

1.25±.010 

Pyle 

San Benito County 

1931 

Japanese 

16 

1.18db.009 

Nutting. . . 

San Benito County 

1931 

French 

8 

149=i:.006 

Nutting. 

San Benito County 

1931 

Japanese 

8 

1.13±.006 

Hunter. . . . 

Santa Clara County 

1930 

French 

17 

1.20d=.006 

Hunter .... 

Santa Clara County 

1930 

1 

Japanese 

17 

1.10±.007 

Hunter 

Santa Clara County i 

1931 

French 

18 

1.15=b.006 

Hunter 

Santa Clara County | 

1931 

Japanese 

18 

1.12±.005 

Knowles. , 

Berryessa Valley 

1931 

French 

12 

1.41d=.0li 

Knowles. . . 

Berryessa Valley 

1931 

Japanese 

10 

1.37;fc,010 

Benson 

Lake County 

1931 

French 

26 

1.41=fc.008 

Benson 

Lake County 

1931 

Japanese 

13 

1.44±.009 


than the balance of the tree. This would seem to indicate that the 
relative length of the fruit might be a “character" subject to nipdi*' 
ficatioh l>y 4 bhd mutati Plans for top-working trees now #o- 
ducihg a high ^ p^ of “short" fruit with scions from the 

Ndsoh orchard have been made. 

A pruning .system which constantly removes the: old spurs and 
saves the new fruiting wood .is.pTh^ip"'' fruit in ^ 

those districts where there::; ' 
centage of short':br:'4ppfc^^ \:See'T4P®'' II- ■' 

It will be noted that in the first two orchards the rempyal of old 
spurs helped somewhat in securing longer fruit. Atc Yacavife^ 
where relative len^h is not a problem, no benefit resulted from the 
differential treatment. This was also true in the McConaghey 
orchard at Hayward, in 1930. Rather extensive c^spr^ion^ 

'ever, lead to the/conclusion, that, the ;young fruit 
:ei^l .produce a'',relatiYely;Tohg^l^an: 
r:/;'.Possibly;''nK)r4/thah.:^.;^\cM;o£ 
are apahesie, :root. ■; . 
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Clara counties where conditions are such that a large percentage of 
the fruit is short, the Japanese root in some seasons tends to aggra^ 
vate the trouble. In sections such as the Berry essa Valley and in 
Lake county where the relative length of the fruit is no problem 
the influence of the Japanese root on shape is not consistent. See 
Table III. 


TABLE IV— Seed Content and L/D Ratio (Bartlett Pears 1931) 


District 

Diameter 

(mm.) 

Length 

(mm.) 

L/D 

Ratio 

No. of 
Seeds per 
Fruit 

Remarks 

British Columbia . 

58.5 

’ 85.2 

1.46 

5.4 


Sebastopol, Calif. 

67.9 

84.1 

1.24 

1.6 


Davis, Calif 

El DoraSo County 

74.6 

91.6 

1.23 

3.0 


71.6 

91.3 

1.28 

2.1 


Berryessa Valley. 

62.8 

93.1 

1.48 

1.2 

French root. Frost in- 
jury in this block 

Berryessa Valley. 

63.9 

90.3 

1.41 

5.5 

Japanese root 

Hood River, Ore,. 

68.5 

98.2 

1.43 1 

6.0 

French root 

Hood River, Ore. . 

70.1 

104,0 

1,48 

4.8 

Japanese root 

Antelope Valley . . 

66,7 

78.3 

1.17 

2.4 

Frost injury in this block 

Mendocino Co . . . 

64.6 

86.4 

1.34 

0.3 

Yakima, Wash. . . 

65.6 

102.7 

1.57 

1.2 

Heavy dust storm during 
pollination period 

Lake County 

65.4 

89.6 

1.37 

0.5 

Some frost injury 

Sutter County — 

60.3 

72.3 

1.20 

5.7 

Cross pollinators present 

Sutter County 

60.5 

73.0 

1.21 

1.6 

No provision for cross- 
pollination 


Much has been written about the influence of seed upon the de- 
velopment of the fruit. Data (Table IV) secured during the 1931 
season with Bartlett pears seem to indicate that there is no corre- 
lation between seed content and the ratio of length to diameter of 
the fruit. This is strikingly shown by the data for the two or- 
chards in Sutter county which are the same in age, on the same 
rootstock, growing on the same soil type and under identical cul- 
tural conditions except that one orchard is interplanted with an- 
other variety to secure cross pollination of the Bartlett. 

Data on the specific influence of "'bud-mi tes*', soil differences, 
nitrogenous fertilizers, irrigation practices, size of crop, altitude, 
humidity, and temperature on the shape of the Bartlett pear fruit 
are not sufficient at this time to warrant conclusions. Apparently 
the shape of the fruit of this variety varies with the district in 
which it is grown. In certain sections and in some seasons some- 
what longer fruit may be secured from trees on French root than 
from trees on Japanese root, and also, from young fruiting wood 
rather than from old spurs. At the present time it appears that the 
best procedure for those sections typically producing a relatively 
short pear, is to grow a particular strain of Bartlett which meets 
the artificial requirement of the trade for a long fruit The "Nel- 
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son'"' strain of Bartlett gives every indication of meeting: this re- 
quirement. 
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Black-End and Its Occurrence in Selected Pear Orchards 

By L. D. Davis and W. P. Tufts, Unkrersity of California, 
Davis, Calif. 


^HE occurrence of black-end of pears has been reported from 
Oregon (1), from California (2), and from South Africa (3), 
In two of these cases (2, 3) the trouWe has been associated with the 
Fyrus serotina rootstock. The trouble in South Africa was first 
noticed about 1900, when trees, which were planted prior to that 
time, came into bearing. The condition made its appearance annually 
but did not seem to spread to other trees. However, about 1927 it 
seems to have made its appearance in orchards which were planted 
about 1900 but which had not previously shown black-end. On indi- 
vidual trees the number of affected fruits is reported as ranging 
from 10 to 100 per cent, Heppner (2) has reported the number of 
affected fruits on individual trees as ranging from 9.S to 100 per 
cent. He also found that the number of black-end fruits varied in 
different years, and that in a few cases individual trees might pro- 
duce black-end fruit one year and normal fruit the next. His data 
are only for two years. 

Since the value of our samples for chemical and histological 
work depended upon the subsequent behavior of the tree with 
respect to black-end it was important that we know the performance 
of individual trees. Not only was it necessary that we know the 
l^rformance of the individual trees in any one season of our 
sanipling but it would be highly desirable if we could forecast the 
performance of a tree from year to year. In addition it was im- 
f pbrtant to know whether the trouble was spreading throughout an 
(^cfeard or whether the same number of trees were affected from 
■".year to year, ^ 

In 1929 records were made of the performance of individual trees 
in several orchards and thes^ ^pe trees have been mapped with 
respect to the occurrence of blaSfeHsad each year since. The data 
presented in this paper were obtained durifit: this survey. 

It has been found difficult to estimate the amount of black-end on 


any tree with much accuracy since the number of fruits actually 
showing black-end depends upon when the estimate is made. Not 
do more fruits show black-end as the season advances but 
nti^nbers of the affected fruits fall The maps 
nmdi al Ae picking season as possible each year and , the 
amount ^ch tree relatively classed as follows : very 
pi^e-fbnrth, onerhalf, three-fourths and ''bad'' black-^d. The 
' Mack-endyeferred to ’il 'aituntion in which mosf or all of 
were blank-end fruits.' ^No attem|)t has been made< to 
severity of the black-end. eondition on individual 
• estimate th%, relative mimber of bladc-^d 
-year tie mdp/hf ,an orchard ivaa-made without ' 
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formance record of the previous year. The orchards are repre- 
sentative of nearly all of the pear growing sections of the state. 

Fig. 1 shows the distribution of the black-end trees in an orchard 
which is representative of those mapped. It also shows , the con- 
sistency of performance of the individual trees. The numbers 29, 30, 
31 indicate the years when the trees have had black-end. The ab- 
sence of these figures indicates the absence of the black-end condi- 
tion for those years. The blank spaces indicate trees on Japanese 
root that have shown no black-end fruits during these three years. 
The letter F indicates trees on French root. 

The distribution of the black-end trees over the block seems to be 
entirely random in nature. There are no areas of any size where 
only black-end or normal trees occur. This random distribution 
is typical of all orchards which we have mapped or observed. Like- 
wise the severity of the condition on any one tree seems to be en- 
tirely random in nature. A tree that has fallen into the ‘'bad*' 
black-end group each year may be adjacent to a tree that apparently 
has never produced any blaclc-end fruits. We have assumed this 
random distribution to indicate that factors which are not associated 
with soil variability are quite important in the production of black- 
end fruits. This random distribution is typical of all pear growing 
sections in the state whose soils may differ widely from one another. 

The performance of individual trees is in sharp contrast to the 
random distribution of the black-end trees over an area. The per- 
formance records indicate that individual trees are very consistent 
in their performance. Table I presents the data for the orchards 
which have been mapped. The data for orchards which have been 
mapped less than three years are also included for the purpose of 
showing the per cent of trees having black-end. 

In nearly all cases a large percentage of the affected trees have 
shown black-end each year of the mapping. In the case of the 
orchards which have been mapped for three years a much smaller 

had black-end for two years than the 
all three years. Likewise, a relatively small 
percentage of the trees have had black-end foi^ only one year out 
of the thi'ee. Those trees which have had blaclc-^efid 
year have, with very few exceptions, been tr^es fe 
paratively few black-end frute^;.^ as 

*‘bad” black-end iii 1929 to produce blatk-ehd in 1930 

and 1931. The Sill and Sweit orchards have had the largest 
number of trees which have not been consistent performers. They 
have likewise been the orchards where the black-end condition i^as 
been less on individual trees. 

, The percentage of trees producing black-end is shown in the last 
' pi Table L On ' trees on Japanese ■ rootstock: 

among the. <hffer^t\brchar4i^/''t|i'’'>^Sp^^ 

0 prees .producing' 

'i'the Jast 
'betwec^' 



TABLE I — Summary of Performance Records of Bartlett Pear Trees with Respect to the Occurrence of Black-end 
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which produce black-end on P. iissitriensis and on P. serotina. The 
trees on these two rootstocks alternate with each other in? the row 
and are 12 feet apart. There are relatively 4j4 times as many black- 
end trees on the Japanese rootstock as on the Ussuriensis. The 
trees propagated on Kieffer seedling rootstock produce relatively 
few black-end trees, being next to Ussuriensis in this respect. 
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Fig. 1. Elliott orchard, showing distribution of black-end trees. 


Neither Fig. 1 or Table I indicates the severity of the black-end 
condition on individual trees. Our records show that there is a re- 
markable consistency of performance. The trees continue to fall 
in the same or nearly the same classes each year. That is the trees 
which have been classed as producing large numbers of black-end 
fruits one year have produced large numbers of black-end fruits 
for each of the other years, while trees producing small numbers 
of black-end fruit one year have in general done so for the other 
years. 

Although our observations are only for the season of 1931 there 
seems to be a difference in time among individual trees when actual 
black-end fruits are visible. This was when the trees were in the 
same orchard. Likewise there seems to be a difference between 
the main scaffold branches of the same tree. The trees which pro- 
duced the largest number of black-end fruits were the first ones on 
which black-end fruits were found during the season of 1931. Also 
observations on one tree indicated that one scaffold branch had 
black-end fruit about ten days before the other two branches. In 
this case the branch showing the black-end first had the largest per- 
centage of its fruit affected. 

Conclusions 

Individual tree records have been made in a number of orchards 
where black-end occurs. The. distribution of the affected trees in the 
orchard seems to be of an entirely random nature. Trees that pro- 
duced black-end fruit one year continued to do so each year with a 
high degree of consistency. The relative severity of the black-end 
condition on any tree is repeated from year to ycar,^ The records 
made in orchards on P. seTotvnd, P. ussuHensiSf and KieflEer 
sealing rootstcicks. The P. seroiina rootstock produced the greatest 
of black-end trees, the Kieffer seedling the next greatest. 
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and the trees on P. nsstiriensis produced the least. Differences in the 
time of appearance of black-end fruits on individual trees were ob- 
served in 1931. The first black end fruits were found on trees that 
had large numbers of affected fruits during this season. 
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Maturity and Bate of Ripening of Gravenstein Apples in 
Relation to Bitter Pit Development 

By F. W. Allen, University of Calif ornia, Davis, Calif. 

^HE Gravenstein is the most important sumrner apple grown in 
California and as the first boxed apple of the season it is in de- 
mand both on home and foreign markets. Unfortunately, it is a 
variety which is very susceptible to bitter pit. Regardless of dif- 
ferent views as to whether or not bitter pit has its inception before 
the fruit is picked, the characteristic spotting is rarely conspicuous or 
even noticeable when the fruit is harvested. The trouble, however, 
frequently develops rapidly in transit, resulting in the apples being 
of unsightly appearance when offered for sale. 


TABLE I — The Influence of Maturity When Harvested Upon the 
Development of Bitter Pit in Gravenstein Apples, 1926 


Date 

Harvested 

Firmness of Fruit, 
(Pounds Pressure)* 

Color 
of Fruitt 

Per cent Bitter Pit 

20 Days After Harvest 

June 25 

18.7 

1^-2 

52.0 

July2 

17.4 

2-2 K 

50.0 

July 8 

17.3 

2-2^ 

38.0 

July 22 

9.8 . 

3-3K 

5.0 


♦Usiag k A -inch plunger point, fruit pared. 

1406^^1^6 ^ r«er to different shades of green on color chart published in U. S. D. A, Dept. Bui. 


TABLE II — The Influence of Maturity When Harvested and Storage 
Temperature Upon the Development of Bitter Pit in Gravenstein 

Apples, 1930 
(Figures in percentage) 



1 Fruit Stored 10 Days at 50® F. | 

1 Fruit Stored 10 Days at 70® P. 

tiate 

On Removal 

After Ripening 12-15 

On Removal 

After Ripening • 

Harvested 

from Storage 

pays at 70® 

from Storage 

lODaysatT^ 

June 30. . . . 

52.0 

65.0 

0.0 

3.0 

July 14 

22.0 

30.0 

0.0 

0.0 

July 29 

0.0 

7.0 

0.0 



The more recent investi^tionsv of : Fro<3ics;W^ Adatn 

(1, 2), Smith (9), siad (^ae:; 

results from the G^ifpriik Station hat« 

shov^n that apjdes hafVested ip. an immature condition are more sus- 
ceptible to bitter pit tihia those harvrated after they show some ■wisib^ 
tigns oif ripening. Brief data supporting these findii^ were vpt^ 
seated by Overholser (8) in 1927. Further evidence that proper 
turity at the time of harvestiiig is an important factor witii the C-hli'' 
|feo||?ia)Chravenstein, is pressed in Table' I, 

.'Magneas'-'aJid' .the .writer ,,from,''$ever^.;;;r^Mfe^i^^:"^^ 

-v. ■ "O-'', ■ i' '' ' 639 : 
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picked at intervals of from one to two weeks from selected trees show 
a very definite decline in the amount of bitter pit development as the 
season advances. In fact the amount and the severity of bitter pit 
in the last pickings was negligible. 

During the past season no definite attempt was made to substan- 
tiate further the above findings.. However, a comparison of commer- 
cial samples collected June 25, July 7, and July 23, for ripening 
studies, showed that the fruit harvested on the last date again de- 
veloped materially less bitter pit. The samples collected on June 25 
and July 7, the latter date being only a few) days after the general be- 
ginning of commercial harvest, showed little difference in the amount 
of bitter pit development. 

The Effect of Storage Temperature and Rate of 
Ripening on Bitter Pit Development 

A low storage temperature is generally regarded as having a re- 
tarding effect upon the development of bitter pit. It appears, how- 
ever, that there are some exceptions to this, and even where the 
minimum amount of bitter pit is observed while the fruit is under 
low temperatures, different results may be secured after it is removed 
to a higher temperature for ripening. 

Adam, working in Australia with Dunn’s Seedling and Anne 
Elizabeth apples reports that the former variety, after being stored 
eight months, showed less bitter pit at 32 degrees F. than comparable 
lots held at 34 degrees. Smith, using Ribston Pippin/ and the Cox's 
Orange varieties grown in Tasmania, noted less bitter pit develop- 
ment, after 30 days, at 33 to 34 degrees F. than aii 50 to 70 degrees. 
In contrast, however, he presents the results of Came, who, working 
with the Cleopatra variety grown in Western Australia, found more 
than twice the amount of bitter pit after 30 days at 33 to 34 degrees 
F. than he did after the same period at 60 to 80 degrees. Commenting 
upon his own results, Smith ventures the assumption that possibly 
the fruit held at 32 to 34 degrees might eventually have developed' a 
greater amount of bitter pit than that held at 50 to 70 degrees. 

^ In the past few years, Came has published several papers on bitter 
pit and in 1927 offered the theory that the disease was “a necrosis of 
immature starch-filled tissues of rapidly growing apples resulting from 
excessive transpiration, followed b}" osmotic action between the 
.starch-filled cells and those in which the starch has been largely or 
completely changed to sugar." He points out that the ripening of 
apples is uneven and that the bitter pit tissues contain starch. If this 
theory is correct is it ^not reasonable to expect that bitter pit can be 
reduced by speeding up the ripening process rather than retarding it ? 
In a previous paper the writer (3) reported that Gravenstein apples 
held for immediate ripening developed less bitter pit under a tempera- 
ture of 70 degrees F, than they did'' at 50 degrees. This statement is ^ 
supported by the data showrt in Table II. 

To further test the accuracy of these results,; box lots of Graven^ 
stein apples were again secured in 1931 from nine di&rCfit orcliards 
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in the Sebastopol region and held for 10 days (the time required for 
shipments to reach the eastern markets) at temperatures of 32 de- 
grees, 50 degrees, and 70 degrees F. Following this initial 10-day 
period at the above temperatures, all samples were observed for bitter 
pit development and then removed to a basement temperature of 70 
to 75 degrees for ripening. Subsequent observations were made at 
10-day intervals. Specimens showing only a few rather inconspicuous 
spots were classified under ‘^slight’' bitter pit, while those where the 
severity of the trouble was sufficient to materially influence their 
economic value were classed as “severe.’’ 
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Fig. 1. The influence of temperature on the development of bitter pit in 
Gravenstein Apples 10 days after harvesting. 

Fig. 1 illustrates the development of the disease after holding for 
10 days at the temperatures indicated. While clearly showing the re- 
tarding influence of low temperatures it also shows that much less 
bitter pit has developed under a temperature of 70 degrees than at 50 
degrees. ■ ' ‘ ■ 

Fig* 2 shows the continued development of bitter* pit after an addi- 
tional 10 days ripening at 70 degrees. The severity of the disease on 
the three lots originally held at 32, 50, and 70 degrees remains in 
the same order as in Fig. 1. Marked gains in slight bitter pit, how- 
; ever, have taken place in the samples originally held at 32 degrees, 
:afid the? rate of development continued to increase until after an addi- 
tional lO-day period (30 days after harvesting) when these samples 
showed of infection nearly as gr^t as the fruit pri^- 

d^rees.,; Both'of these, lots /now; show ;mpre^ 

„ fruit'heldi,, continuously at;70 di^rees ■ 
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this time, however, the fruit held continuously at 70 degrees was yel- 
low, overripe, and beginning to show some physiological breakdown. 
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Fig. 2. Same as Fig, 1. after all samples had been held an additional 
10 days at 70 degrees F. 
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Fig. 4 is therefore presented to show the percentage, of bitter pit 
existing at the time when each sample was considered to have first 
reached its prime eating condition. The period for the different 
samples to reach this condition varied from 25 to only 11 days. The 
samples which ripened continuously at 70 degrees were again in 

Tempera fare of . ffo. of <hys 

Aofi//ngt fi’o/f f/» Oofe AerresfPiff 

f/rsf TO Aarresfeif * Y/////M//M sintre I I 5/^/ fo r/per. 




o /a eo so ^ eo 

flereeafo^ of S/ffer P/f, 


Fig. 4. Same as Fig. 1 but fruit in prime eating condition. 

somewhat better condition than those stored for 10 days at 32 de- 
grees, and materially better than those held at SO degrees. Two 
years^ tests therefore seem to indicate (a) that while a low tempera- 
ture of 32 degrees will retard bitter pit, its development on imimtttre 
fruit after removal from stor^e will be rapid, and (b) fruit har-, 
vested and held continuously at a temperature of 70 degrees or higher 
will develop the minimum amount of bitter pit at and during the tim^ 
it is in the best condition for eating. 

Whether these results can be explained wholly on the basis of 
Game's theory, might well be op^ tp question without more ex- 
tensive tests than have''h'^|i''.<P(^3uct^.';li':;;Ta!ble hpWever,.' shows.; 
thit .Gravensteih apples a^ter lCi days rij^ning at 70 degrees contain, 
on the average, only half as much starch as comparable lots held for 
10 days at 50 degrees. No an^yses.were made of samples stored for 
10 days at 32 degrees but it is reasonable to assume that the starch 
content would have changed but little from that when, picked. 

S?':‘'''^iinp ,,,hsLStens:'' 
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previously mentioned, indicated that ethylene did materially reduce 
the percentage of bitter pit with samples held for 10 days under a 
temperature of SO degrees F. However, of six; orchards from which 
fruit was harvested, samples from only two developed enough bitter 

TABLE III — Percentage of Starch in Gravenstein Apples, 1930 


Sample 

No. 

When 

Harvested 

After 10 Days 

Natural Ripemng 

Ripening with Ethylene 



At 50° P 

At 70° P 

At 50° P 

At 70° P 

1 

1.49 

0.74 

0.33 

0.53 


2 


0.36 

0.26 

0.34 

0.23 

3 

1.69 

0.90 

0.44 

— 

0.25 

4 

1.33 

0.56 

— 

0.45 

0.27 

5 

1.16 

0.30 

0.11 

0.28 


6 

1.23 

0.62 

0.11 

0.28 

0.10 

7 

1.16 

0.48 

0.10 


0.09 

8 

1.12 

0.46 

0.21 


0.17 

9 

1.31 

0.74 

0.24 

0.65 

0.24 

10 

1.26 

0.52 

0.30 



11 

1.33 

0.58 

0.25 



Average 

1.28 

0.57 

0.23 

0.39 

0.18 


pit in the untreated lots to make the differences marked. Additional 
tests during 1931, giving only three treatments of ethylene (I-IOOO) 
during a 10-day period proved insufficient to cause? any response of 
the fruit held at SO degrees F. Table IV gives the average responses 
of five samples of early picked fruit treated at 70 degrees. Although 
the rapid rate of ripening characterizing fruit held at 70 degrees re- 
sulted in a relatively low percentage of bitter pit even in the un- 
treated samples, the results indicate that the ethylene may have had 
some value. More marked results might have been secured from 
daily applications of the gas. 


TABLE IV — Percentage of Bitter Pit Development in Gravenstein 
Apples as Influenced by 10 Days Ethylene Gas Treatment. 
Fruit Harvested June 25, 1931 


Days 
Following 
Harvest ! 

j Treated Samples 

Untreated Samples 

Slight 

Severe 

Total 

Slight 

1 Severe | 

Total 

10. 

2.2 

0.0 

2.2 

5.7 


6.4 

20. 

8.0 

2.0 


9.9 

4.4 

14.3 

30. 

5.2 

7.4 

1 12.6 1 

7,0 

10.0 

17.0 
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Notes on the 1930 Drought in West Virginia Orchards^ 

By Leif VerneR;, University of West Virginia, Morgantown, IF.Va.^ 

WEST Virginia experienced in 1930 the most severe drought in the 
^ history of its Weather Bureau records. Serious damage to native 
vegetation, farm crops, and orchards was general throughout the 
state. The present paper, however, concerns only the eastern pan- 
handle. Except as otherwise indicated, the weather statistics cited 
refer to the station at Martinsburg, in the northern part of the Shen- 
andoah Valley. Conditions at that station were representative of con- 
ditions throughout most of the eastern West Virginia fruit region. 

From January 1 to December 1, 1930, precipitation at Martins- 
burg was below normal for every month except June (Table I). 
After midsummer much of the rainfall recorded came in such small 
amounts that it evapoiated from the hot, dry soil before penetrating 
to the depth of living roots. To further aggravate the situation the 
mean and maximum temperatures and the percentage of sunshine 
were much above average. The most severe period of subtiormal 
precipitation, occurring during the critical months of July and August, 
was followed by continued subnormal rainfall until December, and 
by a September mean temperature 7 degrees above the average. Total 
precipitation for the 8 months from March to October, inclusive, 
was 13.9 inches — slightly more than half the normal. 

Peach trees on the whole suffered little permanent injury. Late 
frost destroyed the crop in most of the state and this possibly helped 
the trees through the drought. A few orchards near Martinsburg 
with good crops, however, showed no signs of injury other than re- 
duced growth and undersized fruit. Severe injury and death of trees 
occurred in a few instances on very shallow soils, but these cases were 
exceptional. Greater injury was apparent in peach orchards the year 
following, when the fruit in many instances was below average size, 
ripened more unevenly than usual, and was of poor quality. 

Montmorency cherries, most of which in this region are under 5 
years of age, showed little injury in 1930 other than retarded terminal 
growth. In 1931 the fruit ripened slowly and more unevenly than 
usual. In an occasional instance in which small twigs had died’, some 
root injury was observed. Roots an inch in diameter showed patches 
of dead tissues b'ht were otherwise sound. Numbers of roots of jiAndi 
or less in diarneter, usually within 6 inches of the surface, were killed. 

Apple trees suffered ^eater injury than peaches and cherries. In ex*^ 
treme cases blocks of 500 to 800 trees, largely Ben Davis, were com- 
pletely killed or so badly dariiaged that they have been abandoned. A few 
trees we re found dead as early as August These trees usually had 

^Published with the approval , of the Director, West Virginiii Agricutera! 
Experiment Station, aS' .'Scientific ■ Paper 'No.' 

located at 'University, Experiment j!'. 



TABLE t-^ll^MPERATURE AND PRECIPITATION OF SELECTED STATIONS 


VERNER: 1930 DROUGHT IN WEST VIRGINIA 



£222Ji5 

'*5J P 


0 

»C 

P 

i 

■rH 10 

(M CO i-H 

d 

tH 

c4 

(M 

d 

rH 

< 

1 




Dec, 

T-1 CO CO 
rH I>» p 

rH 

OS 

OC 

p 

CO (N 0 
+ 

rH 

ci 

CO 


KO CO T-H 
lO 


«5 

p 


5 


rH 

CO 

c4 


^sg 

10 

■ p 

p 

0 

0 

dc4 Cji 

rH 

rH 

rH 


ost^oo 

b-QOO 

p 

p 

~i 

& 


rH 

rH 

d 


COi-t CO 
OOOJ> 

p 

s: 

05 

rH 

1 

rH COCji 


d 

d 


CO 000 

oc 

0 

rH 

W 


rH CC Cji 

tH 

d 

d 

June 

3.13 

2.49 

+0.64 

rH 

rH 

CO 

rH 

1 0.64 1 


ggg 

01 

urs 

CO 

VC 

CD 


' d'+co 

' 

rH 

c4 

d 


i>- ^ 

0 »o 

p 

VC 

p 

os 

CD 


e4cod 


rH 

d 


C ¥3 00 O T-» go 

(M i-j p 

C'a o ’ c4 c4 


■ rH'CSi'tp. V ■■ '.pi': ' 


CO OC' 

p 

CO 


+ (M* rH*' 

»c 

d 

d 

VC VC _j_ 


rfl 

vC 

oi S'- iq 

0 

p 

p 

rH CSI rH 

oi 

rH 

VC 

COCO 1 

CO 

CO 

CO 

CDCr OS 

p 

CO 

CO 

CM* rH 

00 

i> 

d 


CO 

CO 


ppTt< 

p 

rH 


CO* rH 

d 

00 

CO 

VC VO 1 



VC 

prHrH 

0 


!>- 

CO di>^ 

VC 


d 

t-CD 4 . 

VC 

VC 

CO 

I> p tr. 

P 


p 

Hfl CO rH 

rH 

VC 

rH 


CO 

CO 

t-. 

p pt^ 

P 

p 

P 

d VC 00 

ci 

d 

d 


CD 

CO 

t- 

CO a? 0 

0 

CO 

p 

dd csi 

OC 

00 

d 


VC 

VC 

CO 

p rH p 

p 

0. 

iH 

VC CO c 4 

d 

c 4 

d 

coo_j_ 


VC 

CO 

p p p 

0 

P 

p 

0 rH rH 

d 

d 

CO 

VCVC 1 

CO 


VC 

ocop 

0 


:fc» 

rHrH d 

d 



1 

CO, 

CO 

.-sf' 


0 

■ 

■ ': , 00 . 

d 

'■S ' 

tH 



:„ ,eo, . 

, ;co' 

,; 'CO' .' 


di^TH.', 

'"p 


' CO 

dd:d. 

. 0 . 

'"OQ* 

■d 

coco ^ 

CO 

„ W 

.'CO 


SS, §>§'■§ 







648 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

retained their foliage, which had dried out and turned brown. Other 
trees less seriously damaged at this time showed degrees of injury 
ranging from wilting of the leaves or partial defoliation to death of 
twigs and smaller branches. The fruit was undersize, poorly colored, 
delayed in maturity, and in some varieties affected by drought spot, 
watercore, or sun scald.® 

Effects Observed in 1931 

Many trees which entered the dormant period apparently sound in 
1930 showed injury the following summer. It is probable that deep 
roots suffered from the continuance of the drought after dormancy of 
the tops in 1930, as the subsoil remained dry in many orchards until 
spring. Some root injury from freezing might have occurred, as the 
temperature dropped to six degree on November 29 (the lowest No- 
vember temperature ever recorded at Martinsburg) , and to 7 degrees 
on November 30. The soil at this time was still very dry and there 
was no protective cover of snow. Subsequent winter temperatures 
were unusually mild. In the spring and summer of 1931 rainfall 5.25 
inches above normal favored the recovery of the trees. 

Injury as observed in 1931 was characterized by death of entire 
trees, death of all but one or several branches, death of twigs, per- 
sistent dormancy of terminals, from 6 to 8 weeks delayed blossoming 
of a few spurs, rosette, early defoliation, small fruit, poor color, 
drought spot, and watercore. Trees showing death of portions of the 
tops usually revealed death of roots from 1/16 to or more inches 
in diameter. In severe cases main roots up to 4 inches in diameter 
were dead, the tops then having little or no life in them. Most of the 
data presented are based on observations made in 1931, the effects 
of the drought having been more easily determined then than during 
the drought year. 

Trees weakened through girdling by mice or rabbits; trees (most 
commonly Grimes Golden) infected with collar rot; and trees in a 
badly crowded condition or on shallow or impoverished soil incapable 
of maintaining tree vigor, were the first and most severely affected. 

Effects of Soil Depth and Other Factors 

It is of interest to compare the growing-season rainfall of 13.9 
inches, and the annual rainfall of 21.43 inches at Martinsburg in 
1930, with that of certain regions in which the normal rainfall is at 
least equally low (Table I). At Kalmar, Sweden, in one of the 
most productive apple districts in the country, the normal precipita- 
tion for the 8 months’ growing season is 11.3 inches. The average 
annual precipitation is 15.4 inches. In summers of rainfall consider- 
ably below the normal at Kalmar no unfavorable effects have been 

®By the time the drought had became acute the dry, compact condition of the 
soil made soil moisture determinations and the investigation of root injury diffi- 
cult. Root conditions were observed the following summer. 
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observed. With the usual low summer temperatures the transpiration 
rate and loss of soil moisture by direct evaporation are, of course, 
very much lower than in West Virginia in 1930. 

At Moscow, Idaho, the average precipitation for the growing sea- 
son is 11.6 inches, and the average for the year is 22.07 inches. 
Average and maximum summer temperatures are below those of Mar- 
tinsburg in 1930. In the Experiment Station orchard at Moscow, located 
on a deep soil of good physical character, moderately large crops of 
of good size and good color development are produced in 
average seasons without irrigation. In years when the summer rain- 
fall has ])een from 3 to 4 inches below normal the fruit has failed to 
attain good size and color, but there has been no injury to the trees 
from lack of moisture. 

At The Dalles, Oregon, where the average growing-season rainfall 
is only 5.61 inches, but where the soil is very deep, stone fruits are 
successfully grown without irrigation. Apple trees, however, have 
suffered seriously from drought; probably for the most part during 
years of subnormal precipitation. Summer temperatures are below 
those of Martinsburg. 

These comparisons indicate tliat the damage suffered by fruit trees in 
West Virginia in 1930 is not entirely attributable to insufficient rain- 
fall. Other factors are at least equally responsible, such as (1) the 
atmospheric conditions under which the summer rains occurred — 
conditions favoring rapid water loss by evaporation and transpiration ; 
( 2 ) the lack of adaptation of the trees of this region to low rainfall 
conditions; and (3) the lack of soil depth and soil moisture-holding 
capacity of many West Virginia orchards. It is known that the depth 
and character of the root systems of fruit trees, and the proportion of 
roots to tops, are influenced by the normal water supply in such a 
way that a much reduced supply for one season, while perhaps of 
sufficient quantity for trees long adapted to a low supply, may not 
be sufficient for trees accustomed to much more. This was no doubt 
an important factor in the injury experienced here in 1930. 

It is notable, ' however, that on deep soils in good physical condi- 
tion, capable of storing a large reserve of moisture from late fall and 
winter precipitation, trees of all varieties withstood the drought with- 
out injury. In some instances heavy crops of fruit of good size and 
good color were matured. The drought has thus emphasized the lack 
"of soil moisture-holding capacity as one of the greatest inherent weak- 
nesses of orchards in this region. 

The orchards suffering most from this are on high ground or on 
hillsides where erosion has worn the soil thin ; on shallow shales 
and on limestone soils made shallow in places by the outcropping of 
rock. A few instances of injury were observed on deep, low-lying 
soils with a high water-table; and in similar locations without a high 
water-table in which, however, in normal years abundant surface 
moisture from drainage of the higher surroundings had encput^g^ 
shallow rooting. In the latter locations the trees were usuall)^; lai# 
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than those on adjacent, higher ground, indicating favora:ble growing 
conditions in previous years ; but they suffered greater injury from the 
drought. When the trees in one such location were removed late in 
1931 the root systems were observed to be very shallow, and very 
small in proportion to the tops of the trees. 
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Fig. 1. Drought injury in an interplanted orchard. 

Varietal Susceptibility 

Of the varieties commonly grown in West Virginia, Ben Davis and 
York Imperial represented widely separated extremes in suscepti- 
bility to drought injury, the former proving very susceptible and the 
latter highly resistant. Ben Davis set a heavy crop in 1930 while 
most of the York trees were in their off year. Size of crop, however, 
seems to have had tdatively little effect on the damage suffered by the 
tree. An occasional bearing tree or, bearing block of York showed no 
more injury than nearby fruitless trees, while Ben Davis trees not 
yet of bearing age suffered as much in relation to other varieties a:s 
'■^d trees with' "crops. ' ■, ^ 

Orchard A (Ifig.'::l).'Shows.'the' relitiye 
:by'^'several -.intefjplaiited^ varieties ^neafv^^eiMey^ 
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in the summer of 1931. The degrees of injury are classified into five 
groups as listed below : 

1. No apparent injury. 

2. Moderately injured: foliage rather sparse, leaves smaller than 

normal, sometimes a little rosette, no dead twigs. 

3. Badly injured: foliage sparse, leaves small, sometimes rosette, 

scattered dead twigs. 

4. Very badly injured: foliage very sparse, leaves small, rosette 

quite general, numerous dead twigs and often large branches 
dead. 

5. Tree dead or beyond recovery, Le., life remaining in only a few 

branches or in trunk. 

W^hile the above grouping is necessarily arbitrary and subject to 
some error in classification, it serves the present purpose of showing 
wide differences on a comparative basis. The same classification has 
been used throughout. 


TABLE II — ^Varietal Differences in Drought Injury 


Variety 

Orchard 

No. of 
Trees 

Trees Showing Following Degrees of Injury 
(Per cent) 

None 

Moderate 

Bad 

Very Bad 

Bead 

York 

A 

24 

87 

i s 

5 

0 

0 

Jonathan 

, A 

26 

36 

54 

8 

3 

0 

Winesap 

A 

11 

9 

55 

18 

18 

. 0 

Gano 

A 

29 

17 

21 

24 

38 

0 

York 

B 

21 

81 

19 


0 

0 

Jonathan 

B 

98 

61 

28 

11 

0 

0 

Stayman 

B 

47 

.16 

28 

30 

26 

0 


, The soil in orchard A* is a deep, compact shale low in or^nic 
ihatter. The trees were 19 years old in 1931. The planting distances 
are 25x25 feet, the trees showing the effects of crowding. All varieties 
except Ben Davis set moderate crops in 1931. All varieties are re- 
ported to have had moderate crops in 1930, but this is questionable 
with respect to most of the Yorks. ; ^ 

Another portion of orchard A (Tahk II) sho^h comparati^ 
juries to interplanted ^ 

Orchard B (Table IT), dh a stony loam, Hedgesyilie, 
shows the extent of injury to York, Jonathan, and Stayman planted 
in alternate rows on nearly level ground. This orchard was 18 years 
old in 1931. With planting distances 30x40 feet the trees are ndt 
crowding. Jonathan and Stayman set heavy crops in both 1930 and 
1931. York was in its off year in 1930 and set heavily in 1931, „ , . 

The nature of the injury observed varied with different varierifs. 
■Injury to Ben Davis and Gano,' ;for\instance,;:waS'':'Cha 
■ ■■defoliation and by killing.' of, all or parts''of;^th^;tree.;,;.;Si^^[ 

/ ■’ *Qrch^dS'' A, B, and C 'were all in Sod in 1930 
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of fruit suffered less in proportion to tree injury than in Stayman, 
in which lack of size and poor color of the fruit, and rosette, were 
characteristic, but in which there was relatively little killing of parts 
of the tree. 

As nearly as the varieties observed can be classified at present Ben 
Davis proved the most susceptible to injury, with Gano, Grimes 
Golden, and Stayman ranking next in the order named. In the 
rating of Grimes Golden there must be considered the effect of collar 
rot, which is widespread on this variety. Of the resistant varieties 
York Imperial was the most outstanding, with Jonathan, Winesap, 
and Arkansas (Black Twig) ranking next. Of other varieties less 
closely observed Yellow Transparent, Duchess, and Delicious seemed 
high in resistance ; and Rome Beauty and Summer Rambo relatively 
low. 

Effects on Tree Growth 

Orchard C is a solid planting of Delicious, 19 years old, located 
at Kearneysville on Hagerstown clay loam soil. Varying soil depth due 
to the presence of limestone rock at intervals throughout the orchard 
resulted in various degrees of injury to these trees. - Trunk circum- 
ference measurements and notes on the condition of the trees were 
taken in early September, 1930, and in early October, 1931. As poor 
pollination in this orchard has prevented the set of more than a scat- 
tered crop of fruit, the size of crop has not been a factor in the 
growth behavior of these trees. 

It is apparent from the data presented in Table. Ill that the de- 
pression of terminal growth was one of the earliest responses to the 
drought, the checking of terminal growth having been almost as 
marked in trees suffering only moderate injury as in trees very badly 
affected. In all trees the effect on terminal growth was greater the 
year following the drought than during the drought year. This is 
readily understood when we consider that the drought did not 
become acute in 1930 until the most active growth of the trees, which 
normally occurs early in the season, had taken place. The following 
spring the carry-over effects of the drought, in the nature of impaired 
root systems, deficient food storage, and in some orcliards low mois- 
ture content of the subsoil, were most keenly felt at the beginning of 
the growth period. ^ 

Terminal growth in 1931 was checked more than trunk growth. 
There is, in fact, no indication of retarded trunk circumference in- 
crease in the trees not visibly injured, the trunk growth of these trees 
in 1931 having been greater than their average annual growth prior 
to 1931. It is interesting to note, further, that the size of trunk de- 
creases with increasing degrees of injury, the injured trees evidently 
having felt the effects of unfavorable growing conditions for m^ny 
years. 



Lowering Apple Orchard Cover Crop Costs 

By Fred W. HofMann, Virginia Agricultural Experiment 
Station^ Blacksburg, Fa. 


VIRGINIA apple growers are loeconiing increasingly interested in 
^ the value of soil organic matter. Most of them are using some 


form of cover cropping such as the sowing of rye with vetch in the 
fall to be turned under in spring followed with the planting of cow 


peas or soy beans in June. Excellent results with increased fruit 


yields have been secured by this program. 

In 1927 a portion of the general experimental orchard of the Vir- 
ginia Agricultural Experiment Station at Blacksburg, which is main- 
tained under a system of annual cultivation until June, was observed 


to have accumulated a noticeable amount of organic material over a 


period of 16 years. This system of cultivation permitted native volun- 
teer growth to develop sufficiently to add an apprecialde amount of 
organic material to the soil each year. As a result the soil became 
much darker and of much better tilth than the soils in the clean culti- 


vation plats. These observations led to a study of the value of utiliz- 
ing volunteer native and more or less established perennial growth 
for a less expensive method of securing a sufficient abundance of 
organic matter in the orchard soil. 

To conduct experiments with this study in mind an orchard 
plat was selected which had in the beginning a very poor heavy clay 
soil just barely able to grow a native cover. This plat had been set to 
appje trees in 1915 and kept in partial cultivation until 1926 after 
which it was allowed to grow up to a general assortment of volunteer 
plants* Finally a sod was formed, made up mostly of orchard grass, 
glass, and hawkweed, 

,1^ the spring of 1930 the> rows of this plat were plowed in one 
direction only, Eater in the spring they were disked and then disturbed 
During the spring and summer the torn pieces 
G:i’^od:;g more vigorously than ev^r, and in spite of the severe 
1^929 and 1930 drought the broken-up rows were filled with a luxuri- 
ant growth composed of orchard grass, Kentucky blue grass, and 
hawkweed. This growth wa-s in most noticeable contrast to the less 
vigorous growth in the unplowed strips. 

Iii the spring of 1931 or the next season, rows were plowed at right 
angles to ‘those plowed the last Season. It is planned to keep Up this 
systein of plowing in one direction one year and at right angles the 
following year ^o^^ The extent to which a new sod 

develops after the turning under and the general tearing up, gives it 
considerable promise as a less expensive method of securing; an 
abundance of organic matter. The tfees .were not plowed on; 
in the one season, first to avend the possibility of severe root dis* 


m. 
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turbance, and second, in order that some sod may be left in reserve 
each season to spread from the unplowed into the plowed strips. 

With some modification a system of this general principle could 
also be used on the steeper ' slopes which generally preclude cultiva- 
tion without disastrous soil washing. On the steeper slopes a plan of 
alternate strip plowing could be carried out whereby every other row 
running across the prevailing slope or along the general contour 
would be plowed one season to be allowed to grow back into a volun- 
teer sod. 

This utilization of volunteer sodding and other perennial growth 
may have considerable merit. Sods on the whole provide large 
amounts of desirable organic materials. The general objection to sod 
is its competititve tendency and the encouragement it gives to the 
harboring of mice, after it has become established in the orchard for 
several years. The intermittent and alternate plowing herein sug- 
gested not only removes these objectionable features but provides a 
means of securing an abundance of desirable organic material in a 
relatively inexpensive way. 


Some Changes in the Honlemade Paddle Apple Washer 

By Fred W. HofMann^ , Agricultuf^al Experiment 

Station, Blacksburg, Va. 

AS far as the removal of arsenical residue from the fruit is con- 
cerned the homemade apple washer designed by the United 
States Department of Agriculture has proved to be a very efficient 
device Agricultural Experiment Station considering 

fhe 'aj^dto^ There are some changes that would be desimMe 

such is provision : for a more thorough rinsing with clear w^ater had , 
a more thorough removal of moisture. 

In some trials at this station with several makeshifts set up; by tfe 
writer, improvements in these phases se^^ to he quite 
relatively little expense. Very ^satisfactory final rinsing was secured 
from a half-inch pipe drilled with fine holes 2 inches^ apart across its 
length and connected so that it was suspended dirertly over 
second slat of the conveyor emerging from the rinse tank. Excellent 
rinsing was also accomplished with two 4-nozzle dusters. The;,fi^ 
mist of clear water coming down upon the apples as they psbs^ ' 
under these eight nozzles gave them a thorough final rinsing. $oth 
of these, devices not only provide for a thorough final rinsing* but 
help to Jceep a fresher supply of water in the rinse tank. . ' ' ^ 

■''./■Following the washing and' thorough/'riming.'m'''^^ilc^v''^V!^^ 
.^'.desirable.' to ■ remove''. as ■ much moirture.:,as:.^s^lbld:;;'Wi^ 

■■'.amount' of , 'delay before paciking the' frufii'''&'';h^.'\beaa'''|tAi^ 
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very material amount of this moisture can be removed with a rela- 
tively simple and inexpensive set of devices. 

Three rubber sponge knee pads secured from one of the popular 
novelty shops at a cost of 2S cents each were fastened together across 
their lengths with two Yz x .1 inch wooden strips, after which they 
were suspended securely across the conveyor chute directly over its 
last slat. The rubber sponge was then cut into ribbons about an inch 
wide and four long. As the apples are carried along on the conveyor 
they are squeezed through these sponge rubber rilibons with the re- 
sult that they are wiped off very effectively. It would be well to have 
one of these devices over the last slat of the conveyor coming from 
the acid tank as well as the one coming from the rinse tank. This 
will help to reduce the amount of acid moisture that would otherwise 
come over with the apples. 

These proviwsions for moisture removal may l)e supplemented fur- 
ther by the construction of a delivei-y chute with open or slatted floor- 
ing which would permit any drippings that are carried over, to fall 
through. With a solid flooring these drippings will drain down into 
the receiving container with the apples. Further removal of moisture 
from the fruit and elimination of the drippings can be effected by 
fastening under the delivery chute several strips on which 1-inch 
cubes of sponge rubber have been tacked at the correct intervals to 
protrude slightly between the slats of the delivery chute. These sponge 
rubber equipped slats can be distributed about 10 inches apart hori- 
zontally across the bottom of the chute. As the apples roll down the 
chute they strike these rubber sponge cubes which will cause an apjire- 
ciable amount of moisture to be rubbed off from the fruit. For a 
4-foot chute, about two sponge rubber pads will be sufficient. 



The Effects of Humidity and Temperature Upon the 
Wetting of Peach Shoots 

By W. A. Ruth and G. V. Falkenberg, Unwersity of Illinois, 

Urbane , III. 

P the winter of 1921-22, the senior author observed that the 

3 ’ounger and smoother surfaces of apple branches wet more easily 
in the orchard than in the laboratory. A continuous covering of water 
might be left on a last year's shoot by dipping or spraying it in the 
orchard, but if the shoot were sprayed or dipped after it had stood 
30 minutes or more in the laboratory, parts of the smooth surface 
would be left dry. On older smooth surfaces the difference was not 
so marked. Pubescent or wrinkled surfaces wet easily both outdoors 
and in the laboratory. Sprays without a "‘spreader" or “wetting 
agent" acted like water. 

l^ecause it was found in the laboratory that greasy apples, which 
wet with difficulty, would retain a more nearly uniform and con- 
tinuous film if the hot radiators were sprayed first, it seemed likely 
that relative humidity, rather than temperature, was responsible for 
the difference. It was not necessary to vaporize enough 'water to 
form a visible deposit. The fact that the amount of invisible water 
on surfaces can be considerable had been demonstrated to the senior 
author in the course of transpiration work with cobalt chloride paper. 
When the relative humidity in the greenhouse was raised by wettting 
down the pipes, the leaves of a notebook, which were highly calen- 
dared and presumably not especially attractive to water, would “trans- 
pire" as rapidly as the leaves of the plants, and much more rapidly 
than the plants transpired at other times. No steam had reached the 
notebook, and the water on the surface could not be seen or felt. 

The possible practical significance of the difference in wetting in- 
doors and outdoors lay in the fact that wetting outdoors might vary 
from time to time according to atmospheric conditions. Although it 
seemed very likely that wetting in the orchard would vary with the 
relative humidity, such a correlation had not been recorded. In 1931 
this relationship, as well as the relationship to temperature, was studied 
both outdoors and in the laboratory. 

Materials AND Methoos 

Moderately vigorous shoots of last season's growth from outer 
branches of 3-year-old peach trees were used, because the smooth 
internodal surface is sometimes hard and at other times easy to wet, 
and because a large number of comparatively uniform shoots were 
available. 

Since time is a factor in wetting, the shoots were immersed id the 
liquid for approximately 1 second. They were withdrawn' gently and, 

657 '■ 
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as far as it could be accomplished by hand, at an equal and even rate. 
This precaution was desirable because the anlount of liquid adhering, 
and probably its continuity, would depend to some extent upon the 
rate of removal from the liquid (5). Only the experiments in which 
distilled water was used will be reported at this time, and the report 
will be confined to qualitative tests. 

TABLE I-— Wetting Secured by Dipping Peach Shoots in Water on 
Different Days and under Different Conditions of Relative 
Humidity, Temperature, and Sunshine 


Date 

Temperature 
(Degrees F) 

Wetting in Orchard 

('rood Poor 

Relative 

Humidity 

Sunshine 

2-16 

43 

4* 

70 


2-17 

45 

4“ 

79 

— 

2-m i 

40 

4- 

80 

— 

2-2X 

42 

4- 

66 

4--~~ 

2-23 

44 

4" ' 

74 

— 

2-24 

37 

4- 

83 

4* 

3-9 

3t) 

4- 

73 

4- 

3-10 

33 1 

4- 

77 

4- 

3-11 

32 

4- 

(>() 

4- 

3-12 

47 

4- 

58 

4- 

3-14 

37 

4- 

91 

— 

3-31 

44 

' 4* 

65 

4" — 

4-11 

62 

4- 

28 

4* 

4-14 

74 

4- 

56 

4- 

4— It) 

76 

. 4- ■ 

55 

+ 

4-18 

70 

+ 

26 


4-21 

49 

4- 

77 


4-23 

48 

, 4* 

60 

— 

4-25 

53 

4- 

74 


4-27 

42 

4" 

55 

— 

: 4-28 

59 

+ 

41 

4- 

4-30 

63 

4“ 

38 

4- 

5-2 

(V2 

+ 

48 

+ 

5-4 

69 

-j** 

36 

4- 

5-5 

7t» 

+ 

37 

. 4- 

5-7 

51 

4- 

63 


^9 

51 

4- 

75 


5-12 

59 

+ 

73 

— ■ 


Wetting was described as soon as the shoots were removed from 
the water. This was not quite accurate because a more or less pro- 
longed recession usually occurred. Wetting was said to be good when 
the entire surface was covered. When wetting was intermediate dry 
areas were left and the outlines of the liquid were irregular. In very 
pdor wettiitg th^e liquid at once into drops, which were al- 

most spherical 

The shrf^ces to be tested not touched with the hands atid 
: werC' n^^^ ;^lh?we<i to; come irito contact with other surfaces, 

'Dipping in the .orchard was started- February'' 

. -The;, results, 'and the ''temperatures,'' 
:.pf 
the,; 
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One can summarize the data as follows ; the previous years’ shoots 
invariably wet well in February and March, but in April and May 
there were alternate periods of good and poor wetting. 

During periods of good wetting the relative humidity was usually 
higher, ranging from 38 to 91 and averaging 67, than when wetting 
was poor, when it ranged from 26 to 56 and averaged 43. 

When the shoots wet well the temperature was usually lower than 
when they wet poorly. During periods of good wetting the tempera- 
tures ranged from 32 to 63 degrees F. and averaged 46 degrees F. ; 
during periods of poor wetting the temperature ranged from 62 to 
76 degrees F., and averaged 71 degrees F. 

When the shoots failed to wet easily the sun was always shining ; 
when they wet poorly it was sunshiny (9 times) about as often as 
it was not (12 times). 

Effect of warming shoots in an oven: On days when wetting in 
the orchard was good, shoots were kept in an electric oven in the 
laboratory at 104 degrees F. for J4, 1, 2, 3, and up to 30 minutes; 
at 169 degrees F. for 1, 2, 3, 4, and 5 minutes ; and at 194 degrees F. 
for 1, 2, and 3 minutes, after which they were immediately dipped 
in distilled water. Shoots heated to the higher temperatures for more 
than 30 seconds were warm to the touch, and shoots exposed to 169 
degrees F. for 5 minutes or to 194 degrees F. for 3 minutes were 
greasy. 

Exposure to 104 degrees F. for 2 minutes or more resulted in 
poorer wetting. When the shoots which had been treated for 2 
minutes at this temperature were removed from the water a few 
small dry areas appeared at once. The number and size of the dry 
areas increased roughly with the duration of heating ; the water did 
not form spherical or hemispherical drops, however, even on shoots 
heated for 30 minutes.- 

Exposhre td 169 degrees F. for 1 minute was sufficient to result in 
dry ar^as at the bases of the shoots; the size and number of these 
areas increased exposure, and, on shoots which had 

fceen heated for 4 or 5 minutes, the water took the form of drops. 

Exposure to 194 degrees F. for 1 minute was sufficient to result in 
the f ormation of drops, and on shoots expo^ f dr 3 ; minutes very 
little of the surface was wet. ■ . 

In all cases where an effect was 

decreased in size Mter the shcK>ts taken from the water, the rate 
and extent of recession varying with the temperature and duration 
' of heating. ■ ^ ; 

Effect of exposing shoots to steam: In this experiment shoots wete 
brought into the laboratory when wetting in the orchard was poot. 
They were hung near the top of a bell jar, into which steam could 
be 1^ at the bottom through a tube which coiild be :C6nned:ed^ w 
■isdurce bi ^team. The ,, steam' was ^made 'by ;boiUng: 

Server 'la": laboratory', burner.' The. hole i'in'vttie ;^tOfp ,df ' 

■l'|ya^'-:'jeft. 'open I', so; that ■ the'. Steam,- which - was; 
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shoots, would reach the top more easily. A thermometer was hung 
with the shoots. Immediately after steaming, the shoots were re- 
moved and dipped. 

It was found repeatedly that when steam was passed in for 15 to 
60 seconds wetting w^as made easier, but when it was passed in for 2 
minutes wetting became more difficult. The observed r^mperature in 
the latter case never was above 92 degrees F., but the shoots were 
warm to the touch. 

Effect of exposing shoots to laboratory and cold storage atmos- 
pheres: The effect of exposure in the laboratory and cold storage was 
tested on days when wetting in the orchard was easy, and on other 
days when it was difficult. On days when shoots wet easily in the 
orchard they usually wet with increasing difficulty with increasing ex- 
posure to the laboratory atmosphere. There was, however, consider- 
able variation between tests. In some of the tests an effect was ])ro- 
duced in 15 minutes, but in other tests no effect was observed after a 
2-hour exposure. In the following test the first effect w’-as observed 
in 30 minutes. The progressive effect is ty])ical. 

On April 21, 50 shoots were cut from the trees and laid on the 
laboratory bench. The outside tempei*ature was 48 degrees F., the 
relative humidity was 60, and the day was cloudy. The laboratory 
temperature was 75 degrees F, and the relative humidity was 47. At 
15-minute intervals 10 shoots were removed from the bench and 
dipped in distilled water. On the first lot, dipped 15 minutes after the 
shoots were brought in, wetting seemed to be as easy as it had been 
in the orchard ; that is, a continuous cover was produced. On shoots 
dipped after 30 minutes’ exposure, a few dry areas appeared; the 
size of the dry areas seemed to be larger on shoots dipped after 45 
minutes, and was certainly larger on shoots dipped after 1 hour. The 
dry areas on shoots expOvSed for 2 hours seemed to be still larger, 
but the spray did not collect into drops, even after an exposure of 
this duration. 

No change was observed within 2 hours in the cold .storage, where 
the relative humidity was about 85, and the temperature between 33 
and 35 degrees F, No observations were made after 2 hours. 

Effect of high and loza relative humidities at high and loxv tempera- 
Hires: Shoots were brought in from the orchard and |■)laced in desic- 
cators containing calcium chloride or water. Twelve shootvS were used 
in each desiccator in every test. One of each was kept at room tetn- 
perature (70 to 80 degrees F.) and one of each in the cold storage 
(at 33 to 35 degrees F.) Tests were made on days when wetting 
was good, and on other days when it was poor. Shoots were removed 
and dipped at 15-minute intervals. 

The results as shown in Table II are consistent. Wetting was made 
difficult by exposure in the desiccators to low humidities at both tem-r 
‘peratures, while it was promoted, unless already very easy, by ex- 
posure to high humidity at either temperature. In this experiment 
humidity was plainly the more important factor. Temperature pos- 
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sibly hastened the ei¥ect ; visible results were produced within 30 
minutes at the higher temperature, but only after longer exposures at 
the lower temperature. 


TABLE II — Effect of High and Low Humidity at 70 to 80 Degrees F and 
33 TO 35 Degrees F on Wetting the Smooth Surfaces of Peach Shoots 
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In these experiments spreading was not secured by an exposure to 
high humidities, and wetting, although it was improved, was usually 
imperfect, as shown by the prolonged recession of the water on the 
dipped areas. The improvement in wetting seems, nevertheless, to 
have been due to the substitution of water for air on the surface of 
the shoots. It may have been due to the condensation of more thar 
the thin layer of water adsorbed, or to the retention of so little air 
that the air left could be dissolved by the water. The steps involved 
are discussed by Quincke in the early publications already cited. 

At higher temperatures the relationships between the various sur- 
face attractions concerned in wetting seem, in this case, to be shifted 
in a way unfavorable to wetting. 

Significant differences in control or unexplained difl-’erences in the 
-effects of sprays may result from applying sprays under different 
atmospheric conditions, because the continuity of the cover would 
difier. This possibility applies to surfaces other than the one upon 
which the tests were made and to liquids other than the one applied in 
this experiment. 
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Summer Oil Sprays for Late Brood Codling-Motli 

By H. G. SwARTWOUT^ University of Missouri, Columbia, Mo, 

CONFRONTED with the problem of arsenical residue, fruit grow- 
ers have become interested in possible substitutes for lead arsenate 
and other arsenicals. The Missouri Agricultural Experiment Sta- 
tion has been working with a number of possible substitutes among 
which have been the so-called, ''white oil’’ emulsions. 

In 1930 a white oil emulsion of medium viscosit}^ (80-85 seconds 
Saybolt) was used in the second brood codling-moth sprays across a 
plot of seven varieties of apples, namely, Jonathan, Grimes, Delicious, 
York, Winesap, Gano, and Ingram. The remainder of the trees in 
the planting received arsenate of lead 1 to 50 the same day that the 
oil was applied except one tree of each variety which was to serve as 
a second brood check. The early season sprays were the same for 
all trees including the check and consisted of lime-sulphur 134 to 50 
at the cluster bud period, lime-sulphur 1% to 50 plus 1 pound ar- 
senate of lead at the calyx period, first cover and second cover at 2- 
week intervals, and lead arsenate alone 1 to 50, June 5 and June 19. 
Three applications of the summer oil using approximately 1.3 per cent 
oil (2 per cent emulsion) and lead arsenate 1 to 50 were made for 
second brood codling moth July 3, 15, and 22. 


Foliage AND Fruit Injury 

Foliage injury and spotting of the fruit appeared on some of the 
oil sprayed trees, the severity of the injury varying greatly with the 
variety. Such injury may be briefly summarized as follows : 


, Foliage Injurs^ 

'light' ■' 

Ben Davis, light 


York, trace 
Ingram, trace 

Fruit Spotting 
Grimes, severe 
Jonathan, moderate 
Other varieties, mostly none or an qc> 
casional slight discoloration. 


Foliage injury was considered seripus; only 
light to moderate amountsuf 

it was no more 'than' often ''OCoirS'fwith ;H<jdid:'^ and' les^ ,■ 

severe than injury that somefime^ -fbBows the use^^ b 
Fruit spotting was quite severe oh Gnmes, most of the fniit fe^ 
so conspicuously marked as to reduce its market value. While frutt 
spotting was less severe on Jonathan and less evident, the percentage 
that would be reduced in grade was commercially excessive. On 
other varieties spotting could be detected only on closei'e^ 
and; it was not considered sufficient. to, affect 

, IThe ’sptays/^ere^ applied', during .'a ' period;' of, 

•^;:^ean'mnximt^ temperature 'fbr.'the^montlir'of''vj^tli^::;'!^t^^ 
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degrees F, The abnormally hot and dry weather may have given more 
injury than would ordinarily have occurred. 

Three commercial summer oil emulsions, one of medium heavy oil 
( about 9S-100 seconds Saybolt), one of medium oil ( SO-85 seconds 
Saybolt), and one of light medium oil (60-65 seconds Saybolt) were 
used in 1930. All emulsions were diluted to give approximately 1.3 
per cent actual oil. The oil, lead arsenate, and second brood codling- 
moth check plots all received the same early season sprays, consisting 
of dry lime-sulphur 4 to SO at the cluster bud period, dry lime- 
sulphur 4 to 50, and lead arsenate 1J4 to 50 at the calyx, first, and 
second cover sprays, and lead arsenate alone 1 to SO at the third cover 
spray on June 15. The second brood codling-moth sprays of oil and 
lead arsenate were applied on July 13, July 23, and August 13. 

TABLE I — Comparative Fruit Spotting with Summer Oils 


Oil 

Percentage 
Severe Spotting 
of Fruit 

Percentage Light Spotting of Fruit 

Grimes 

Jona- 

than 

Grimes 

Jona- 

than 

Deli- 

cious 

Gano 

York 

Ingram 

Medium 

31 

26 

43 

27 

11 

27 

8 

38 

Light medium . . . 

8 

1 

39 

16 

0 

16 

5 

5 

Medium heavy, . . 

33 

5 

46 

24 

1 

24 

29 

13 


Oil injury was evident again, varying with the variety and oil used. 
Foliage injury was severe on. Grimes, most of the leaves being badly 
burned with some dropping. The injury was the more severe with 
the medium and medium heavy oils, injury with the light medium 
oil being markedly less. Other varieties showed light to moderate 
amounts of injury with the medium and medium heavy oils and very 
little injury with the light medium grade. 

The fruit was left on as late as feasible to get as much color as 
possible. Counts were made after harvesting and the percentage of 
apples showing oil spots determined. Two classes of injury were 
made, namely, severe injury, which was great enough to affect the 
market value of the fruit; and light injury, which was barely per- 
ceptible and which probably would not affect grade on market value. 
The results are presented in Table 1. 

Grimes and Jonathan were the only varieties used which showed 
heavy or noticeable spotting of the fruit. The spotting designated as 
light consisted of only an occasional spot or several spots so light 
as to be hardly perceptible. Fruit spotting was appreciably less with 
the light medium oil than with the medium and medium heavy oils. 

Trees sprayed with oil in 1930 were sprayed with the same oil 
(80-85 seconds Saybolt) in 1931, and spraying will be continued to 
note any physiological disturbances in growth and fruiting caused by 
continued use of summer oils. So far no effect has been observed^ 
It might be mentioned, however, that in a commercial orchard where 
one of the summer oils was used this past season oh Jonathan, it was 
observed that the foliage remained greener and the apples held beff^^ 
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where the oil was applied than where lead arsenate was used. Because 
of the heavy drop of Jonathans this was deemed an advantage. 


TABLE II — Second Brood Codling Moth Control with Summer Oil and 

Lead Arsenate 


Variety 
and Date of 

Harvest 

; Number of Worms and Stings per 100 Fruits 

1.3 Per cent Oil 
(80-85 Seconds Saybolt) 

3 Late Sprays 

; Lead Arsenate 
1-50 

3 Late Sprays 

Check 

No Sprays After 
June 19 

Jonathan — ^August 22 

4.3 

3.6 

14.8 

Grimes — September 10. 

11.8 

12,6 

— 

Delicious — September 13 

13.1 

26.8 

57.9 

Winesap — September 27 ... . 

23.9 

28.1 

33.3 

Gano — September 27 

23.8 

37.4 

70.4 

Ingram — September 27 

30.4 

38.8 

77.5 


Codling-Moth Control 

The failure of codling-moth to be a problem in 1931 in the orchard 
in which the oils were used prevented the securing of definite informa- 
tion on control. Less than 5 per cent of codling-moth injury was 
found on most trees which received no spray all season. The results 
for 1930 are presented in Table II. 

The summer oils gave a control of second brood codling-moth es- 
sentially equivalent to the lead arsenate. The number of stings were 
less in the oil-sprayed plots. Owing to the appearance of many late 
larvae, the number of injuries per 100 fruits is somewhat high for the 
later harvested varieties. A later spray in August probably would 
have reduced the number of injuries considerably. 

TABLE III — ^Arsenical Residue on Apples in 1930 


Arsenic Trioxide (Grains per Pound) 


Treatment 

Jonathan 

Grimes 

Delicious 

Gano 

Winesap 

Ingram 

Lead arsenate—s^ected . . 

.024 


.025 

.025 

.022 

.021 

Lead arsenate — tableapples 



.023 

msm 

.012 

.008 

Oil — sheeted 


.014 

.011 

.009 

.007 


Oil — stable apples 

.015 

.009 

.010 

,009 

.007 



Arsenical Resipxie 

The amount of arsenical residue 6n the fruit was determined for 
the different varieties in the various plots. Apples marked ‘^selected'' 
were chosen which showed the most stain or residue and were care- 
fully handled to avoid loss of any of the spray material. Those 
marked * 'table apples’ ' were picked and handled in, the ordinary inahT 
ner. Fruit which showed the most stain were chosen for analysis is 
they came over the packing table. The results of analysis for 1930 
are shown in Table III. 

The substitution of oil sprays for lead arsenate }n the late 
tions considerably reduced the residue of arsenic on the frbit attune 
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of hardest, the residue being in most cases near or lielow the tolerance 
of .01 grains. The extremely dry year of 1930 probably resulted in 
a somewlia-t higher residue than would ordinarily occur. 

‘Q'A.BLE IV— Arsenical Residue on Apples in 1931 


Arsenic Trioxide (Grains per Pound) 


Yari(tiy 



Check 


(Oil medium) 

Lead Arsenate 

No Sprays After July 1 


.007 

.019 


Jonathan 


.040 

.008 


.020 





.004 


.010 1 

.040 

.003 

Grimes 

.008 

.020 

.004 



.021 

.006 


,008 

.019 

.013 

Delicious 


.021 

.005 




.00(5 

York 

.008 

.035 

.007 

Gano 

.010 

.020 

.005 

Winesap 

.011 

.020 

.004 

■ Ingranx 

.009 

.021 

.004 


The resultsof residue analysis for 1931 are pi-esented in Table IV. 
Only carefutlly handled apples selected from the trees and which 
showed the greatest residue were used. Also, the apples were 
chosen for the minimum size of inches except Winesap and In- 
gram which were 2% inches. By using small apples it was felt that 
■the residue -would be the maximum that could be expected on these 
apples if pgicked. 

AH check tree samples except one, and all oil samples except one, 
show -01 gra.itis or less of arsedic as arsenic trioxide. The late sprayed 
lead arsenate samples were all high, showing about .02 grains or 
more of arsenical residue. 


CoKCTtJSIONS 

y The results presented here together with other results and observa- 
tipns, where growers have used oil indicate that the heavier summer 
:oil§: cop^ with lead arsenate in controlling the later 

broods ^of codiihg-m^^ that in a year of normal or nearly iior- 
jnah heavy early season spraying progr^tn 

the residue expected to be withiri ,01 grains, 
however, information^ to d^te shows: considerable rish pf 
injury oii $om€ varieties. No effect frotn t^yo suceessiye 
use of sthqnnaer' oils ; has 'been'' n^^ . 







The Evolution of the Horticulturist 

(Presidential Address) 

By T. H. McHatton, State College of Agriculture, Athem, Ga. 

T r was at the very dawn of our modern era, if we accept the his- 
torian's division of time, that Columella wrote, cannot enough 
wonder why they who desire to learn eloquence are so nice in their 
choke of an orator, whose eloquence they may imitate ; and they 
who search after knowledge of surveying and numbers look out for 
a master of the art they delight in ; and they who are desirous of 
some skill in dancing and music are exceedingly scrupulous in their 
choice of , one to modulate their voices or to regulate the motions 
of their bodies ; also they who have a mind to build send for archi- 
tects, masons and carpenters ; and they who resolye to send ships 
to sea send for skillful pilots ; they who make preparations for war 
call for men of war; and everyone sends for a person from the 
society and assembly of the wise to form his mind and instruct him 
in the precepts of virtue ; but husbandry alone, which, without all 
doubt, is next to and, as it were, near akin to wisdom, is in want 

of both masters and scholars I, myself, have seen schools 

of professors of rhetoric, of geometry and of music and academies 
for the most contemptible of vices ; also for head dressers and hair 
trimmers, but of agriculture, I have never known any *that profess 
themselves either teachers or students/’ And again he says, after 
describing the general attitude of the Romans toward agriculture, 
“Nor is there any wonder that the vulgar opinion is now publicly 
entertained that husbandry is a sordid employment and that it is a 
business that does not want the instruction of a master. ■ But as 
for myself , when I consider and review either the greatness of the 
yrhole thing, resembling some vastly extended body, or the number 
of 'it$ parts, as so many members in particular, I am afraid, lest my 
,la^t day should surprise me before I can acquaint myself with 
the whok of rural discipline/’ 

One who peruses his voluminous writings can but marvel at the 
keen insight he displayed concerning things agricultural and horti- 
cultural. So true was his statement that ruraP culture was looked 
down upon that this history of the very heart of Rome, this eco- 
nomic treatise of the times, has beeii pigeon-holed and forgotten 
by the very ones who should have used its gems of living philosophy 
in expounding the humanities that they so loudly preach are neces- 
sary in cultivating the human mind. Even in the time of Golumella, 
agriculture and horticulture were as teachable as any other subject 
of the period, but, because the luxury loving landlords saw fit tq 
abrogate their responsibilities and to delegate the tilling of the soil 
to their less intelligent servants, agriculture became a sordid occu- 
pation and man saw little in it but sweat and toil , He lost sight 
cycle of life of which the soil is the basis j 

667 ,' 



668 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


caiiie to pass that condition of affairs so greatly feared by our wise 
philosopher : that is agriculture had indeed become a sordid occupa- 
tion, and now nearly 2,000 years later, there are still living among 
us those who do not yet realize that of the words agriculture and 
horticulture more than half are ‘‘culture/’ 

History is of little value except in helping one predict- the future. 
It took men almost twenty centuries to grasp some realization of 
the importance of agi'iculture, and it has taken the greatest eco- 
nomic crisis in the history of our world’s civilization to crystallize 
that realization, I sometimes wonder if the phrase that we have heard 
so often repeated during the past twenty years concerning the 
“drudgery in the home” is the fore-runner of a system of thought 
that will cause the abrogation of responsibilities and fetter man for 
another 2,000 years or more. 

Somehow that portion of agriculture dealing with fruits, vege- 
tables and flowbrs, namely horticulture, did not, in the minds of 
men, sink to the same level with ordinary farming. Possibly the 
horticulturists were the fore-runners of the “pure scientists”, for it is 
certain that in the early days a large portion of the products of 
their toil were of little practical and economic value. They could 
not be shipped, nor could they be kept; they influenced life merely 
in a transient way, being produced for the pleasure and enjoyment 
the plants, themselves, afforded rather than in anticipation of any 
monetary reward. Under such conditions, horticulture could for- 
tunately become the pursuit of a gentleman : for it has long been 
recognized that a gentleman could put forth effort, energy and sweat 
besides soiling his hands in the production of a rose or the riding 
of a horse ; but if he drove the same horse and expended the same 
amount of effort, energy and sweat in the growing of a field crop, 
he became a plebian, an individual to be looked down upon. 

Horticulture was an amateur calling from the days of Columella 
to the middle of the nineteenth century ; and even yet amateurs are 
occasionally found among apple and pear trees, or in gardens near 
cabbages and carrots, sometimes on lawns near clumps of shrubs 
or beds of flowers from whence they peep out upon the world with 
bright and shining eyes filled with happiness and contentment, their 
voices mellowed with the love of nature and the philosophy of liv- 
ing. It is a pity that the age of “internal combustion” has so beset 
them with “ologies” that they have practically disappeared, and un- 
less the few remaining are carefully protected, this species will soon 
be counted with things historic. 

This benign type of individual was so common during the middle 
of the nineteenth century as td deserve the name “vulgaris”. Ever 
since the days of Rome they had been on the increase ; receiving 
something of a set-back during the “Dark Ages”, but after that 
period of depression they emerged from the monasteries and rapidly 
increased in number, laying the basis for the establishment of 
schools and trades in Europe and the development of stich aggre^ 
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gatioiis of congenial souls as the American Poniological Society 
in this country. 

Ihese early amateurs were building the foundation of our pro- 
fession and producing cyclopedic writings and rule books of cul- 
tiu e in large numbers ; so also were their close associates, the gen- 
eral farmers, laying the bed rocks from which were to spring much 
of our present day agriculture. 

Let us view for a moment the situation in this country about the 
middle of the nineteenth century. At the end of the seventeen 
hundreds this nation was mainly rural and producing just about 
enough for its needs, exporting some tobacco, cotton and rice. Hor- 
ticultural products were all home grown and had only a very limited 
local market. Following the invention of the cotton gin, the open- 
ing of canals, the development of the railroads and the disruption 
of world economic conditions through the Napoleonic wars and our 
own W ar of 1812, commerce and industry developed. Thus we find 
the East industrialized, the South agricultural and the free lands 
of the West rapidly developing into a great grain and animal sec- 
tion. Agriculture had gone through the stage of home consumption 
and the horticulturists were catching glimpses of extensive orchards 
and gardens in the future. Protective tariffs had been passed and 
the conflict between agriculture and. industry had already brought 
on the Civil War, and the same conflict may, in the near future, 
bring some other great cataclysm to this nation. 

Such conditions brought rural problems to the forefront in the 
minds of thinking men ; mayhap they sensed the great industrial- 
agricultural conflict that was on and caught a glimpse of its future 
magnitude. Be that as it may, the Congress of the United States, 
in the midst of national strife, legislated into being a system of 
education that, through the Land Grant institutions, would pay its 
dividends during the time of peace. Thus after eighteen hundred 
years was the lamentation of Columella fully answered, there were 
• to be scholars and teachers of agriculture. 

If 1870 is accepted as the approximate date at which these institu- 
tions really began to function, it is only fair that some estimate be 
made of what horticulture was at that time. Though there had been 
efforts at instruction in this subject in Europe and a few in America, 
the handling of it had been along apprenticeship lines : the teaching 
of a trade by rule of thumb, based upon a literature couristing of 
calendars and catalogues of varieties, Professional horticulturists, 
if we might call them that, were really managers of estates, or 
florists and gardeners about large centers of population. There were 
many amateurs and some several nurserymen also interested ih 
the* subject purely as home projects. 

When one realizes that at the time of the passage of the Moifrell, 
Act botany and zoology were still in the systematic stager 
teriology had not yet been bom ; genetics was still philosophy ^ 
organic chemistry, though a lusty infant clamoring for 
tion, had made little impression in learned circles ; that physicS ; 
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progressed mechanically, but the realms of heat, light and elec- 
tricity largely remained unexplored ; that the bio-chemist, the bio- 
physicist, the soil scientist, the phytopathologist, the entomologist 
and many others had not yet come into being; it is easy then to 
understand the attitude of the academic mind when horticulture 
and other allied agricultural subjects were raised to the dignity of a 
college curriculum. Such subjects were not teachable in universi- 
ties as they were not based on well organized information and 
backed up by a literature centuries old — ^besides they were merely 
trades and had no right to academic standing. 

In the main this was largely true. and was reflected in the organiza- 
tion of institutions with standards considerably below those set by 
the humanities. In the older states, already supplied with higher 
education, these new colleges were established separately ; in others, 
they were corinected with the budding university, and in still 
others they were destined to be the hub around which great insti- 
tutions were to develop. In the beginning, they all had the ideal 
of preparing artisans in horticulture. The students were to go 
back to their orchards and gardens, increasing their production and 
bettering the living conditions throughout America. It was natural 
that such ideals should prevail as there were really no well estab- 
lished, well understood horticultural facts ; science had not, as yet„ 
removed our profession from the realm of astronomy. 

Things did not happen, however, as anticipated ; departments 
rapidly expanded and demanded these trained artisans as teachers, 
and gradually there developed a different ideal of horticulture. The 
period of 1870-1890 was one of great activity in our field. The 
constant search for well established facts and their organization 
into a body o^ teachable matter developed above all else the great 
fact that little was known. So n,oisy was the clamor for definite 
information and its dearth so apparent, not only in horticulture, but 
along all agricultural fines, that the Hatch Act found its way 
through the hoppers of Congress and gave us a new ideal of what * 
a horticulturist could be. 

Between 1890 and 1910, many more things happened to change 
our ideas of horticulture. The public still expected the product of 
the college to be an artisan, while the colleges themselves, the ex- 
periment stations and the rapidly expanding national Department 
of Agricitlture recognized the demand for experimenters, teachers 
and scientists. The amateur was rapidly disappearing. There was, 
of course, stitl a lot of interest in the production of qualitv fruit 
about : the hom^s, but the devolpment of refrigeration and the rail- 
roads, into what we then considered rapid transportation, reor^ 
gahizod bur industry. : Extensive orchards spread themselves 
throughout California' and the South; the vast vegetable fields/of 
.,h^^d:,.b]egun ..tO; \pour^; their;::' out-of-seasbh:'; 
marki^; . of" East . hb ■ experiment' :'st^tip|is' 
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of the profession were askings questions that were vitally more fun- 
damental than the date of planting or pruning. The sciences had 
taken hold of horticultural problems. . Pasteur, Koch and others 
had conjured bacteriology into being. The problems of evolution 
had become things of every-day discussion. Botany had slipped 
from its classification era into embryology, physiology and 
more basic discussions. At the beginning of the century the work 
of Mendel had been resurrected from dusty archives, and horticul- 
ture was launched into its economic and scientific being. 

In academic centers science was fighting the humanities for its 
place in the sun,, and it was during this era that there came into 
being that new species called the “pure scientist”, unsullied and 
untouched by practicality, but willing enough to use the public monies, 
appropriated so that science could render more productive and re- 
munerative the basic industries of the nation. It is- well to remem- 
ber that the scientists who have written their names across the 
pages of history have been those who have advanced mankind and 
relieved humanity of its burdens. They are honored in direct ratio 
to the advancement civilization has received from their discoveries. 
All science is pure: it matters not whether it is digging into the 
sewers of a great city or studying the elusive perfume of a spotless 
lily. 

During this period, the Adams Act came into being. We then 
found ourselves launched upon definite scientific studies, and, if we 
look back upon this time, those of us who were in it can well re- 
member the trials and troubles we had in organizing experimental 
work upon a scientific basis. To my mind the passage of the 
Adams Act was one of the most beneficial things that has happened 
to the profession of horticulture as a whole. It in reality showed 
tis how little we knew about science, how unscientific we actually 
W!?rei Up to that time we had been able to run out into the fields, 
plant a few seeds and set a few trees and then come in and tell , our 
associates/ What a marvelous piece of scientific work we were cpn- 
dp<tmg. But when we had to organize our thoughts and put them 
dri paper and submit them to such men as then manned the Office of 
Experiment Stations, there were many of us who were not so cer- 
tain about our scientific attainments ;; and, iottunately ; for 
critics in Washington, did 

had a great hand in the training of the men who were to come later. 

This act again changed our ideahof a horticultupst. expefir 
menter had become a scientist even more than a frOit grower^ and 
for a while we laid away the idea of simple demonstrations, but 
this was not long for it was realized that valuable information was 
not getting back to the farms where it could be profitably used 
and the Smith-Lever Act was the result. > 

This was rapidly followed by the Smith-Hughes Bill : a response to 
.a, demand, for farmers and fruit /growers on ;'the,''^51 
■finally, seen could not, be met: by the colleges,; 

'■‘that, a large;,rural state .requires in round; numbers,': 
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aiiniiaily. These acts brought into being other species of horticul- 
turists, namely, men with scientific training and practical ability 
who could teach in secondary schools or by demonstration in the 
rural districts and thuS| get back to the country infor;niation that it 
really needed. Also during this period of 1910-1920 the commer- 
cial horticulturist came to the forefront. He was found with rail- 
roads, spray companies, fertilizer companies, machinery companies, 
marketing organizations and the like. 

Since 1920 specialization has increased and with the passage of 
the Purnell Act the economist has become important, injecting into 
our already complex organization other demands. Industry, in its 
selfishness and under artificial stimulation, had turned the United 
States from a rural into an urban nation, and the great industrial- 
agricultural conflict had practically throttled farming in its various 
fornjs before a realization was attained that the power, wealth and 
balance of trade of this country were in reality dependent upoti the 
products of its soil and the labor of its rural population, which had 
for decades been producing against an Impenetrable barrier of pro- 
tection, for other interests, and forced to sell in open competition 
on the markets of the world. Is there any wonder that since 1920 
the economical production and handling of our horticultural products 
have become prominent in our thoughts. The horticulturist can 
look with pride upon the fact that of the brotherhood of agricul- 
tural subjects his was the first to realize the importance of coordi- 
nating individual effort in projecting better methods of handling 
farm commodities ; and, out of this experience of more than a quar- 
ter of a century, there should come to him the realization that he is 
better able to maintain himself under stress of modern conditions 
than other members of the rural fraternity : even though his advice 
has neither been sought nor listened to in the formulation of 
schemes and the passage of legislation intended to control the im- 
mutable laws of economics. It is a great pity, my friends, that 
money is not endowed with brains as well as power. 

Today our institutions of learning are confronted with the neces- 
sity of preparing six types of horticulturists along several special 
lines, namely: artisans, extension workers, secondary teachers, 
economists for commercial positions, university and college teach- 
ers and investigators. The desire and necessity for the artisan is 
still with us and really the development of these men is essential 
to the well-being and public support of our profession. It is time 
that more fruit growers and gardeners were finding employment in the 
rural districts; and, until this comes about, it cannot be said that 
horticultural training has reached its fulfilment. 

There is a demand for the extension man, an artisan understand- 
ing the scientific and economic fundamentals of his subject and able 
to demonstrate them. Such men must be leaders in their com- 
munity, leading through the power of their intelligence, training 
and personality. Upon theim is largely dependent the support given 
by the public to bur professiom Closely allied to the extension man 
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is the teacher in secondary schools, who should be specially trained 
in the major farming interest of his immediate locality and be so 
well grounded in science that he can make its practical aspects 
understandable to young minds. 

The field of business is rapidly demanding horticulturists. Either 
these men must be trained by our colleges or go through a hard 
school of experience after leaving us. Their education should be 
fundamentally broad so that they may fit into many situations, 
whether it be as an economist, a market specialist, or an adjunct to 
some manufacturing enterprise. 

Our institutions must also train college and university teachers, 
men who should have a cultural and scientific background capable 
of giving them a broad understanding of the value of all learning 
and its intimate association with things horticultural. Unfor- 
tunately, in the past, many of us have been too one-sided and 
passed on to our classes prejudices that have not been conducive 
to developing a love of learning* in all of its branches. 

The capstone of our training arch should be scientists, investi- 
gators, men who are anxious and willing to spend their days in 
unraveling the secrets of nature in order that, through their ef- 
forts, the foundations of horticulture may be broadened and made 
more substantial so that the superstructure of profit can be en- 
larged and the welfare of humanity improved. 

It is indeed foolish to suppose that any one course in horticulture 
can prepare men for all the above fields with the multi-various 
specializations possible within the fields themselves. Truly the 
'^Division of Horticulture” should really be a college of the subject, 
and in one institution this condition has been approached. This is 
not the time to enter upon a "‘bone-dry” discussion of curricula, 
but it does appear to be the opportunity for bringingto your atten- 
tion some major points upon which curricula in the future might 

The ever present demand for the artisan ckn well be met in the 
secondary schools as now organized, provided the universities 
properly train the teachers. From these high schools, there should 
be an ever-increasing stream of better trained men going back to 
the orchards and vegetable field.s as well nurseries and 

floral establishments of the country. 

The leaders in extension and those interested in horticultural in- 
dustries should certainly possess a collegiate degree, specialized dur- 
ing the last years along lines of particular interest to them. The 
same should be said of individuals desiring to become instructors 
in the high schools. 

It is the training of the teacher for the university and college as 
well as the research worker that should demand our special atteriv 
tion; for in them lie the progress and well-being of our protession. 
The professors must prepare those who are to be teachers of ar- 
tisans,, therefore,^ be artisans themselves ; likewise : 

must have a broad understanding of science and culture 
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SO as to be able to connect their subjects with others, soinethin^^ 
which has been woefully lacking in the past. To my inincl, the best 
l>reparation for a teacher is found in a general scientific degree 
with four years or more of work in horticulture, and his summers 
spent in travel and practical horticultural work. As yet no institu- 
tion has had the ^‘intestinal fortitude" to make such demands. Per- 
sonally, I should like to be associated with such an organization, 
if in no greater capacity than foreman of the grounds. Somehow 
I do not feel that this individual requires any vast amount of 
specialization — ^lie should rather lean towards breadth. 

The research worker, on the other hand, should be specialized to 
the nth power. He should probably follow the general horticultural 
course with the usual specialization and electives in his chosen 
held, and end with the Doctor of Philosophy as now offered, thus 
putting himself into a position to make funclamental investigations 
of horticultural problems that the teachers pass on to the artisans 
and professional leaders. 

The question of whether the research worker should be a teacher 
or not is always with us. Personally, I do not care to mix the two. 
The investigator, if teaching at all, should have a small and selected 
group of students capable of assisting him in his work. His atten- 
tion should be given solely to his problems and not scattered in the 
preparation of lectures largely unrelated to the matters he has in 
hand. The average investigator is not a good teacher of under- 
graduates particularly ; he usually bores them to extinction. The 
real teacher requires a dynamic personality, should be gifted with 
the diction of a Bacon and capable of linking horticulture into the 
scientific and cultural life of the times. The reputation of being an 
uninteresting and dry subject is not deserved by horticulture. It is 
pos.si))le, however, that those adjectives apply to some of the teach- 
ers thereof. 

With the multitude of educational aims that are, by circum- 
stances, forced upon the various divisions of horticulture, it would 
a[.'pear that there should be some agency functioning in a defining 
capacity over the courses as offered throughout the United States. 
As the government has been most active in furni.shing legislation 
and money for these courses, it would seem, at first thought, that it 
should furnish the definitions. Such, however, i.s not the case; 
states-rights and bureaucracy do not harmonize; political condi- 
tions change and any organization arrogating unto itself the right 
of defining and scientifically investigating the requirements for the 
training of these six groups of horticulturists .should be a cross 
section of this vast nation and free from the whims of any political 
; party. Such an organization I conceive the Society for Horticul- 
tural Science to be. Organized for the furtherance of horticultural 
investigations and for the better teaching and disBemination of 
horticultiiraf i'truths, it is composed of men from all states, capable 
Cgl of the profession throughout the land and 

'■'■fiaving:4efiW^^ oi' fhe' opportunities afforded everywhere 
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for obtaining training to fulfil these needs. Should this organiza- 
tion expand, as it seems possible that it will in the future, and 
extend its membership into the more technical fields of horticul- 
tural industry and manufacturing, it would then have a broader 
background from which to project its definitions. 

Any attempt at comparisons of courses and institutions would be 
ridiculous; however, the setting up of minimum standards for ac- 
ceptable and accreditable work would mean vast improvement. It 
would not hamper those who already are well supplied with time 
and equipment and it would help others to get them. The expense 
of maintaining a large horticultural division capable of making 
specialists in all fields is so enormous that but few institutions 
are <ible to encompass it. There is no reason why we should not 
look forward to a regional development, a development in which 
institutions can specialize along those lines most adapted to their 
sections, so that they may draw students from many states rather 
than from one and then do an excellent job of training, not at- 
tempting mediocre work in all fields. Specialization in sub-tropical 
horticulture belongs primarily to California and Florida. There 
would seem to be little use for such courses elsewhere. It is equally 
foolish for sister states to expend large sums in establishing courses 
in horticultural manufacturing when one in a region would be 
sufficient. 

There has been ample evidence of the advantages to be had from 
defining minimum requirements for first class courses. The Ameri- 
can Medical Association has conferred great benefits upon its pro- 
fession and humanity at large by naming the requirements for a 
Class A Medical School. The American Bar Association has done 
the same for schools of law. The Carnegie Foundation did the 
same when it defined a college course and thereby established the 
entrance requirements for universities and institutions of higher 
learning. Is there any reason why this association, composed as 
it is of men from’ all sections of the United States, who are thorough- 
ly conversant with all of the requirements and necessities of the pro- 
fession, should not take upon themselves the definition of mini- 
mum requirements of equipment and standards necessary for train- 
ing accredited horticulturists along the various lines now open in 
the profession? 

With the development of correspondence courses, the junior col- 
lege, and the new quarter system idea, the whole question of curricula 
is in a state of flux, and out of it there will come somewhere the agri- 
cultural college requiring, certainly, a junior college diploma for 
entrance and mayhap an institution demanding a baccalaureate 
degree as a basis upon which to build a doctorate along horticul- 
tural lines. The time is ripe for definitions and those mterested 
should formulate them. Why should not the American Sdciety 
for Horticultural Science make investigations in this field and ex- 
pend some of its energy along this line? 



Obituary 

Walter Leon Cutler 

Mr. Walter Leon Cutler of the Mavssachiisetts Agricultural Ex- 
periment Station died at the Massachusetts General Hospital in 
Boston, Mass., on October 31, 1931, after an illness lasting about 
two months. 

He was born at Springfield, Vermont, Jul}^ 1, 1902. He gradu- 
ated from the Springfield High School in 1920. In the fall of 1921 
he entered the Massachusetts Agricultural College with the class 
of 1925. After completing the freshman year he changed to the 
Two Year course in practical agriculture, majoring in Pomology, 
and graduated with honors in 1923. 

After his graduation Mr. Cutler managed the home farm for a 
short time and then went into commercial work. On February 1, 
1925, he returned to the college as Laboratory Assistant in the 
Pomology Department of the Experiment Station. Later he be- 
came Technical Assistant in the same department and held this 
position until his death. 

Mr. Cutler's ambition spurred him, on to work diligently to make 
up for his lack of technical training. In addition to his regular’ 
duties he took numerous courses in botany and plant physiology 
in the college. At the time of his death he had several experimental 
projects under way on which he had hoped to report before the 
i^er for Horticultural Science. 

Sihde Mr. Cutler had only recently joined this organizatioii, he 
w^s known to few of its members outside of New England, but 
all who knew him liked and i^^spected him. He made friends easily 
and retained them. He was industrious and ambitious in his work 
and loyal to both the institution and his friends. One of his mo.st 
outstanding char^icteristics was readiness to help anyone, any- 
where, anytime, even at personal sacrifice. He certainly would 
' have risen in the ranks of horticulture had he been spared. 

John S, Bailey. 
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